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USUAL AND UNUSUAL REACTIONS TO PROTEIN 

(FEVER) THERAPY 

PHILIP S HENCH, MD 

ROCHESTER, 

Shortly after Wright and others introduced specific vaccine therap} 
about twenty jeais ago, nonspecific vaccine therapy was intioduced 
This was soon followed by nonspecific protein therap} Typhoid vac- 
cine was first used intravenously by Kraus and Mazza ^ in Aigentina 
about 1912 Its use as a preventive of typhoid fever was first advocated 
by Ichikawa- (1912), and it was first given intravenously as a non- 
specific protein for “fever” therapy by Miller and Lusk “ in 1916 in the 
treatment for chronic infectious arthritis It has since become one of 
the most widely used agents foi protein or “fever” therapy, is employed 
for man} diseases, particularly of the joints, skin and e}es, and as a 
substitute for malarial treatment m late syphilis Recently it has been 
successfully used m the treatment for occlusive vascular disease and 
for evaluating, by means of the “vasomotor index” of Brown, the pos- 
sibilities of S}nipathetic ganglionectomy foi arthritis^ and ceitam 
vascular conditions ° 

* Submitted for publication, March 2, 1931 

* From the Division of Medicine, the Mayo Clinic 

* Read before the Section on Pharmacology and Therapeutics at the Eighty- 
First Annual Session of the American Medical Association, Detroit, June 27, 1930 

1 Kraus, R, and Mazza, S Zur Frage der Vakzinetherapie des Typhus 
abdominahs, Deutsche med Wchnschr 2 1556, 1914 

2 Ichikawa, Sadakichi Abortubehandlung -von typhosen Krankheiten, Ztschr 
f Immunitatsforsch u exper Therap 23 32 (Sept 5) 1915 

3 Aliller, J L, and Lusk, F B The Treatment of Arthritis by the Intra- 
\enous Injection of Foreign Protein, JAMA 66 1756 (June 3) 1916, The Use 
of Foreign Protein in the Treatment of Arthritis, ibid 67 2010 (Dec 30) 1916 

4 Allen, A W, and Smithwick, R H Use of Foreign Protein in the Treat- 
ment of Peripheral Vascular Diseases, J A M A 91 1161 (Oct 20) 1928 
Brovm, G E Treatment of Peripheral Vascular Disturbances of Extremities, 
J A AI A 87 379 (Aug 7) 1926 Brown, G E , Allen, E V , and !Mahorner, 
H R Thrombo-Angiitis Obliterans Clinical, Physiologic and Pathologic 
Studies, Philadelphia, W B Saunders Compan}^ 1928 Goodman, Charles , and 
Gottesman, Julius Pain and its Treatment m Thrombo- Angiitis Obliterans, New 
York U J 117 774 (June 20) 1923 

5 Hench, P S , Henderson, 111 S , Rowntree, L G , and Adson, A W The 
Treatment of Chrome “Infectious” Arthritis by Sympathetic Ganglionectomy and 
Trunk Resection, J Lab & Clin Med 15 1247 (Aug ) 1930 

6 Adson, A W, and Brown, G E Treatment of Raynaud’s Disease by 
Resection of Upper Thoracic and Lumbar Sjmipathetic Ganglia and Trunks, Surg. 
Gjnec Obst 48 577 (Iilaj) 1929 
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T\PE or \ACCIXE AND DOSAGE USED 

Man} thousands of injections of tjphoid vaccine have been given 
at the Ma}o Clinic for the tieatment in various conditions, generally 
supplementar} to other treatment For this report a special group of 
patients on the arthritis service and on the vascular service of Dr George 
Brown was studied in the course of the last five years, the number of 
which was about 2,500 Of these, approximately 1,500 had arthiitis, 
the remainder suffered from various conditions, chiefly vascular diseases 
The number of leactions studied was about 10,000 

Various factors influence the reaction the kind and degree of the 
patient’s illness , the method of administration, type and freshness of 
the Aaccme, the size of the dose, and the response of the patient 
Reactions to t\ phoid vaccine are basically the same as reactions to other 
foreign proteins When the substance is given intramuscularly, reac- 
tions are minimized and delayed When it is given intravenously, 
reactions are sharper, more prompt The ability to produce fever and 
other phases of the reaction vary also wnth different preparations of 
\accine Fresh vaccine gives a more prompt reaction than old vaccine 
and should be used in smaller doses Preparations of milk or sulphur 
are used less frequently at the clinic Typhoid vaccines made by state 
boards of health, the United States Army and commercial houses have 
been used On the arthritic and vascular services one commercial 
preparation has been used more than others because of famihaiity with 
the t}pe of reaction from a given dose This brand is one of the 
so-called triple-t} phoid preparations made from Eberthella typhi, 
Salmonella paratrphi and Salmonella schotmuelleri or, m more familiar 
tei ms, t} phoid and paratyphoid A and B It probably has no particular 
merit or demerit however It is generally given intravenously, occa- 
sional!} intramuscularly No set schedule of time or dosage is used 
Some adMse the administration of foreign protein not oftener than once 
a week, others (Cowne), every second day When well borne, at the 
clinic it is gnen approximately twice a week The initial dose is usually 
from 15 000,000 to 25,000,000 bacilli, subsequent doses are 50,000,000, 
75 000,000 or 100,000,000, and so on • 

Experience suggests that injections m cases of arthritis usually 
should be discontinued after from six to ten doses , this does not nec- 
essanh hold when patients with vascular disease are being treated 
There should be an intermission of several w^eeks to prevent marked 
loss of weight (“proteaginous cachexia”), to permit the return of 
normal equilibrium and restoration of the patient’s morale, and because 

7 The estimation of the number of bacilli in each dose is, of course, only 
approximate Although it would be more accurate to state dosage in terms of 
cubic centimeters of bacterial suspension, the doses are gnen as they are for com- 
parison and in line with the custom of the majoritj of pre\ious writers 
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fuither injections frequently piove ineftectne In arthritis, \\hen 
three oi four intiavenously admrnistei eel doses, with moderate reac- 
tions, fail to produce definite relief, or if such doses produce iiici eased 
disability of the joints, the treatment is discontinued in favor of more 
conservative (intramuscular) protein theiap} oi treatment with stock 
vaccines 

THE USUAL REACTION 

Although leactions to the intravenous use of t}phoid vaccine and 
other foreign proteins ma}^ at times seem severe to the patient, they 
appear relatively simple to the ph^fsician , they usually consist merely of 
the common clinical phenomena of chill, fever, mild headache, general 
malaise, mild gastro-intestinal upset, and so on Further analysis of 
the reaction, however, shows more than just an “oideal by chill and 


Tabll 1 — 1 Ite Mote Obvious Reaction to Piotcni Thciaj^y 



Prodromal 
Phase 
Including 
(a) Latent or 
Prechill and 
(b) Chill 
Period 

First “Ncga 
tive” Phase 
to Height of 
Per er, 3 to 5 Hr 
After 
Injection 

Second Posi 
ti\e” Phase, 
Period of 
Palling 
Temperature 
Variable, C to 
24 Hr After 
Injection 

Suhserjuent Day 

Teniiicraturo 

No increase 

Rising 

I ailing 

Oceasionalh a 
secondary rise 

Chill 

"Minor or distinct 

Geneiallj absent 


Occasionally a 
secondary chill 

Pam, inflammation, 
swelling, disability, 
ner\ ons irritability 

Lsuallj absent, 
maj be slight 

Increasing 

Perrensed or ab 
«ent, euphoria 

Variable dura 
tion of 
euphoria 


fire,” and that marked disturbances in the physical and chemical 
piocesses of the body are included 

The geneial nature of the usual reactions has been extensivel} 
studied It manifests itself as a prodromal phase and m two further 
phases a “negative” and a “positive” phase, generally considered to be 
distinct (table 1) The period just after the injection is given, and 
befoie the temperature begins to rise, is the prodromal phase, consisting 
of what may be called a prechill and a chill period Then there begins 
the first or negative phase, that period from the onset of the rising 
tempeiature to the point of maximal temperature The second or posi- 
tive phase extends from the height of the fever to the leturn of noimal 
temperature Occasionally a secondary chill and fever occur the fol- 
lowing day During the negative or first phase there are inaugurated 
ceitain phenomena, some of which seem deleteiious to the patient’s 
uell-being and which, if long continued, uould militate against the 
usefulness of the treatment There is in general hovever, a sharp 
reversal of these phenomena at the beginning of the positive or second 
phase, and during this reversal the processes of healing are markedly 
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Stimulated Innumerable attempts have been made to eliminate or 
shorten the negative phase by using various vaccines, difterent proteins 
01 protein fractions and different methods of administration It is 
generall}’^ believed, however, that to obtain a therapeutically positive 
second phase, there must be an appreciable first phase, and that without 
the lytic phenomena of the first phase, the healing process which results 
from stimulation of the defensive mechanism of the body will not be 
adequate (Donath,® Garrison,® Maliwa,^® Miller 

The clinical alterations noted in table 1 constitute the more obvious 
part of the reaction to foreign protein Further analysis of the reaction 
111 patients and in animals reveals innumerable marked physical and 
chemical alterations that demonstrate the intensity of the activation of 
cellular and humoral defenses Complete details concerning alterations 
in the organic activity of all bodily structures cannot be given heie 
The changes m organic activity are, in general, initiated about the time 
of the period of chill, and are altered in one direction (increased or 
deci eased) during the first or negative phase, and in the opposite 
direction during the second or positive phase The reported changes 
consist of the following (1) alterations in the basal metabolism, 
(2) peripheral and splanchnic vasomotor changes, including changes m 
blood pressuie and in the caliber and permeability of the arterioles and 
capillaries, (3) alterations m renal function detectable in the output 
and acidity of the urine, excretion of phenolsulphonphthalein, and con- 
centration of nitrogen, phosphate, urea, uric acid, allantom and albumin , 
(4) alterations in serum ferments, antiferments, antibodies and the 
Wassermann reaction , ( 5 ) alterations m organic activity demonstrated 
by increased secretion of lymph, bile, saliva, breast milk and menstrual 
flou , and by changes in the activity of the liver, gastro-intestinal tract 
and spleen , (6) alterations in the volume, specific gravity, freezing 
point and viscosity of the blood, (7) alterations in the cellular elements 
of the blood, (8) alteiations in the fragility of the blood platelets 
and in fibiinogen, thrombokinase, coagulation time and sedimentation 
rate, (9) alterations in the chemical constituents of the blood, demon- 
strated b\ the carbon dioxide tension of the plasma, carbon dioxide- 
combinmg power, total nonprotein nitrogen of whole blood and of 

8 Donath Julius Ueber Herdreaktionen und ihre therapeutisch Bedeutung, 
^^'Ien khn JVchnschr 40 9 (Aug 18) 1927 

9 Garrison, F H Protein Stimulation (Local Death) and Protein Therapy, 
Bull New York Acad Med 3 555 (Sept -Oct) 1927 

10 klahwa, E Kntisches zur Reizkorpertherapie, Ztschr f wissensch 
Baderk 3 467 (Feb ) 1929 

11 ^Miller, J L The Nonspecific Character of Vaccine Therapy, JAMA 
69 765 (Sept 8) 1917, Non-Specific Therapy, Aledicme 6 513 (Dec) 1927, 
Biologic Therapy, J A M A 76 308 (Jan 29) 1921 
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seium, sugai tolerance, albumin-globulin latio and concentiation of uiea, 
uric acid, sugai, fat, total seium piotem and chlorides 

Some of the alteiations aie very slight, tempoiaiy and perhaps 
clinically insignificant Others are maiked and significant from the 
standpoint of both usual and unusual reactions, and to them are ascribed 
the successes, negative lesults and also, probably, the mishaps of protein 
theiapy The increasing use of protein therapy attests to the belief 
that although negative results are common, satisfactory, even brilliant, 
lesults are many times obtained and mishaps are rare 

Expel nnental Data — The amazing complexity of the reaction could 
be moie simply undei stood if it weie demonstrated that all changes 
weie initiated thiougli a cential mechanism That the changes are 
initiated tliiough the sympathetic neivous system was suggested, among 
others, by Vaughan^- and by Gellhoin^® Peteisen and Muller and 
Peteisen, Muller and Boikan have made a most interesting effoit to 
con elate the various alteiations and to demonstrate then cooidinated 
activity They concluded that when live or dead bacteiia, or proteins, 
aie injected intravenously, the injected mateiial is removed from the 
blood stream b} the cells of the reticulo-endothehal system and theie 
“fixed ” There is first a fixation (prolonged stimulation) of the 
splanchnic organs (liver, gasti o-intestinal tract and spleen especially) 
in a state of increased organic activity, and of the splanchnic blood 
vessels m a state of dilatation At the same time there is a com- 
peiisatoiy, opposite oiientation or “fixation” m the activity of peiipheral 
organs and vessels This is demonstrated by depression in the meta- 
bolic activity of skin and muscles and constriction in the peripheral 
blood vessels Complete reversal of this state later occuis in both the 
splanchnic and the peiipheial regions, and then there is a return to 
normal equilibrium If the injections aie given continuously, or if they 
aie lepeated beyond the point of tolerance, the lepeated stimulation 
leads to the death of cells 

If the leaction in human beings is similarly motivated and expiessed, 
particularly the vascular and vasomotor changes, ceitam features of the 
unusual reactions heie reported seem more explicable 

12 Vaughan, V C Protein Split Product in Relation to Immunity and Dis- 
ease, Philadelphia, Lea & Febigcr, 1913, Poisonous Proteins, J Lab & Clin Med 
2 15 (Oct) 1916 

13 Gellhorn, George Milk Injections for Pelvic Infections in Women, New 
Orleans M & S J 78 557 (March) 1926, Milk Injections in Gynecology and 
Obstetrics, J Indiana M A 19 229 (June) 1926 

14 Petersen, W F , and Muller, E F Splanchoperipheral Balance During 
Chill and Fever, Arch Int Med 40 575 (Nov ) 1927 

15 Petersen, W F , Muller, E F, and Boikan, William The Reaction of 
the Dog to the Continuous Intravenous Injection of B Cob, J Infect Dis 41 405 
1927 
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THE UNUSUAL REACTION 

When one consideis the piofound response to an injection, unusual 
and untowaid reactions might be expected not infiequently , yet they 
are lare Laige series are reported with no untowaid i espouse, even 
to high doses At the clinic in this senes of about 10,000 injections in 
2,500 cases, unusual clinical phenomena have been observed subsequent 
to only twenty injections and m only tourteen cases, but m view of the 
inci eased usage of protein therap} they seem of sufficient importance 
to leport It wmuld be unfair to asciibe to vaccine treatment responsi- 
bility for every clinical alteiation that occuiied m the couise of its 
administration Therefoie, I have here repoited only those unusual 
reactions wdiich seemed to be related to the protein oi fever theiapy b} 
leason of their unexpectedness, the promptness of their onset after 
an injection, the nature of their clinical expression ai 1 their simi- 
laiit) to previous experiences of others The reports of unusual leac- 
tions observed by others have not heretofore been reviewed extensively, 
are wndely scattered and are given with but brief comments 

I shall present, m briefest detail, data concerning reactions which 
these fourteen patients experienced within a half hour to forty-eight 
hours after the injection, and I shall briefly comment on the possible 
causal relationship between the injection and the reaction I was not 
looking for these reactions, and lacked appreciation of their significance 
until then repetition stimulated particular observation as they occuiied 
and an extensive review of the literature 

The cases aie not presented m histoiical sequence, but aie grouped 
accoi ding to the reaction 

Case 1 — A woman, aged 53, had chronic infectious arthritis Previous to the 
administration of typhoid vaccine her heart and lungs appeared to be normal After 
the first dose of typhoid vaccine (35,000,000 bacilli), there was a severe chill but 
no fe\er The increase m temperature began the next morning, and rose to 103 F , 
tlie following day it rose to 104 F A precordial murmur appeared, and for four 
dajs the fever was of the septic t\pe Rales were present at the bases of both 
lungs, especially the left Roentgenograms gave evidence of a thickened pleura at 
the base of the left lung, and some fluid Eight days after the injection the tem- 
perature and pulse rate returned to normal and remained normal On dismissal the 
precordial rub was diminished, dulness at the base of the left lung persisted The 
condition was supposed to have been subacute pleurisy and pericarditis Eighteen 
months later, examination of the lungs and heart gave objectively negative evidence 
Case 2 A woman, aged 51, had chronic infectious arthritis The lungs w'ere 
normal on examination The first two injections (25,000,000 and 35,000,000 bacilli, 
respectneh) were followed by moderate reactions, a temperature of 103 F and 
diminution of pains m the joints Twelve hours after the third injection (35,000,000 
bacilli), while feier was present, a sore throat developed, and the following day 
there was sharp pain at the base of the left lung on breathing The tonsils had 

16 The recollection of two previous additional cases m which pleurisy and 
definite pericarditis had occurred immediately subsequent to the injection of 
\accine stimulated these special observations 
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been removed Fever continued for nine da}''s , the symptoms and signs were those 
of subacute basal pleurisy and pharjngitis Recovery followed 

Case 3 — A man, aged 32, had chronic infectious arthritis He had been e.xposed 
to contagious parotitis two weeks preMOus to his coming to the clinic, but he had 
this disease at the age of 22 Follownng the first four injections (from 15,000,000 
to 50,000,000 bacilli) there were marked reactions and definite impro\ement in the 
condition of the joints A few hours after the fifth injection (50,000,000 bacilli) 
acute soreness of the left parotid region developed The gland became about 3 5 cm 
in diameter , there were definite induration and tenderness graded 2, which subsided 
entirely by the fifth day 

Case 4 — ^\Vhen the patient was 18 jears of age, a node in the right groin had 
enlarged and become suppurative and it had been drained It had been normal since 
that time She was 37 years of age when I saw her After each of five injections 
(30,000,000, 40,000,000, 40,000,000, 50,000,000 and 100,000,000 bacilli) there was a 
moderate general reaction and definite improvement in the condition of the joints, 
but there was painful swelling of the right inguinal nodes, which did not recur after 
the cessation of treatment Six months later there had been no further adenitis, and 
the condition of the joints was markedly improved 

Case 5 — A man, aged 55, gave no history of ocular trouble He had chronic 
infectious arthritis The vision of each ej’^e was recorded as 6/15 The pupils and 
reflexes were normal The patient read well with a plus 3 lens Exophthalmos 
measured 22 mm on the right and 21 on the left Refraction was advised After 
the second injection (50,000,000 bacilli) high fever and chills occurred The next 
morning there were pain and photophobia in both eyes, with conjunctivutis The 
following day the eyes were very painful and acutely inflamed , the cornea of each 
was hazj , there were congestion of the ocular conjunctiva and definite bilateral 
inflammatory glaucoma Tension on palpation was graded -f- 1 m the right eye and 
-r 2 in the left There was no ciliary injection or iritis Under treatment, improve- 
ment resulted, and the eyes were normal four weeks after the injection Seven 
months later there was no ocular trouble 

Case 6 — A man, aged 53, who had chronic infectious arthritis, had had twelve 
attacks of gallbladder colic over a period of fortv v^ears, but none for five years 
Theie vv^as no abdominal tenderness, but roentgen examination of the gallbladder 
indicated cholecystic disease The patient worked in a mine and had had a chronic 
cough for twenty years, the cause of which, after roentgen examination, vv^as said 
to be pneumonoconiosis Examination of the lungs disclosed only some empltysema 
and harsh breath sounds After the initial dose of typhoid vaccine (20,000,000 
bacilli) there vv^as a moderate reaction, the temperature was 103 F, but became 
normal m tvvelv^e hours Just after the chill, however, pain similar to the old gall- 
bladder attacks dev^eloped, and there was definite tenderness m the right upper 
abdominal quadrant apparently due to subacute cholecystitis This continued for 
two or three daj'^s, with a return of fever to 102 F Ten days later, without more 
vaccine, subacute asthmatic bronchitis developed which continued a chronic course 
for two months One year later it was reported that the patient had not had 
svmptoms of pulmonary trouble since 

Case 7 — Since appendectomy six years previously, a woman who had chronic 
infectious arthritis had had mild soreness m the right upper abdominal quadrant 
four or fiv^e times a year Five months previous to admission she had noted the 
onset of fever and diarrhea with from eight to ten stools a day For the last three 
months slie had had mild, weekly attacks of soreness in the right upper abdominal 
quadrant The diagnosis, made elsevvdiere, was possibly typhoid fever, with typhoid 
cholecystitis, and three doses of typhoid vaccine had been given mtrav^enousl}". 
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\Mthout influence on the abdominal symptoms The Widal test was negative The 
patient was 29 jears of age when she came to the clinic Roentgenograms of the 
gallbladder at the clinic showed normal excretion of dye but “a small stone or 
papilloma in the fundus” Half an hour after the first injection there had been a 
sudden onset of soreness over the region of the gallbladder, which lasted six hours 
The right side of the abdomen was tender Two hours after injection, the gums, 
at the site where teeth had been extracted four days previously, suddenly became 
sore The pain lasted half an hour There was considerable focal reaction in the 
joints On the following day the temperature was 100 5 F Three days later the 
second injection (50,000,000 bacilli) was given There was a moderate, generalized 
reaction Two hours after injection there was a sudden recurrence of the pain in 
the right upper abdominal quadrant Soreness and tenderness lasted all night, 
associated with a focal exacerbation in the joints There was no soreness at the 
site of the recent dental extraction, but a sudden onset of toothache in the region of 
a condemned tooth Operation was advised Chronic catarrhal cholecystitis, with a 
papilloma at the fundus of the gallbladder, was found Typhoid bacilli could not 
be cultured from the gallbladder Recovery was uneventful 

Case 8 — ^For several summers a woman, aged 28 when she came to the clinic, 
had had short attacks characteristic of acute appendicitis The last attack had 
occurred one year previous to admission to the clinic On admission, for chronic 
infectious arthritis, there was definite tenderness in the region of McBurney’s point 
The patient would not consider operation There was very little systemic reaction 
to the first three injections of vaccine (25,000,000, 35,000,000 and 35,000,000 bacilli, 
respectively) After the fourth injection (50,000,000 bacilli) the temperature was 
101 F On the following morning the temperature was also 101 F , and there were 
chills and vomiting In the afternoon there was localized abdominal soreness 
Operation was performed and appendicitis without peritonitis was found The report 
on examination of the removed tissue was that of acute hemorrhagic appendicitis 
Reco^ery was uneventful 

Case 9 — Three months previous to admission for chronic infectious arthritis, a 
man, aged 40, had had an acute attack of disease of the gallbladder The gallblad- 
der and appendix were removed After the first injection (25,000,000 bacilli) there 
was a slight reaction and the temperature rose to 100 F Then it became normal 
Thirty-six hours after injection the temperature suddenly rose to 101 F There 
were severe, general abdominal pain, nausea and vomiting, tenderness over 
the scar of the operation on the gallbladder, and diarrhea Abdominal distress con- 
tinued for three days , then it completely ceased Apparently the condition was sub- 
acute enteritis Two years later it was reported that there had been no abdominal 
discomfort or diarrhea since the patient’s dismissal 

Case 10 — A woman, aged 50, had rheumatic fever which was unresponsive to 
ordinary treatment, she also had erythema nodosum She gave no history of 
previous abdominal trouble After the first injection (15,000,000 bacilli) there was 
a febrile reaction and the condition of the joints was much improved The erythema 
nodosum commenced to fade The temperature was occasionally normal throughout 
the next four days After the second injection (15,000,000 bacilli) there was a 
moderate reaction The following morning the patient felt very well In the after- 
noon there was a sudden onset of nausea and vomiting , general abdominal tender- 
ness appeared and became localized in the right lower quadrant The leukocytes 
numbered 14,800 per cubic millimeter of blood Operation disclosed acute diffuse 
purulent appendicitis and periappendicitis Recovery was uneventful One year 
later the patient was m excellent health 

Cvse 11 — A woman, aged 59, had arteriosclerotic vascular occlusion affecting 
the feet She had had corneal trouble, but it had been inactive for several years 
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The first two injections (15,000,000 and 25,000,000 bacilli, respectively) w^ere well 
borne The third injection (35,000,000 bacilli) caused right palpebral conjunc- 
tivitis There was no definite iritis The fourth injection (25,000,000 bacilli) w^as 
well borne After the fifth injection (50,000,000 bacilli) there was a moderate 
reaction On the following day, redness of the right eye was seen This developed 
into typical dendritic keratitis of the herpetic type Subsequently, this ceased 
After three weeks there was complete healing 

Case 12 — A man, aged 52, had had pains of claudication m the right leg for 
one year The femoral and popliteal arteries were pulsating The large arteries 
of the feet w'ere occluded The urine was normal on examination The concentra- 
tion of urea m the blood was 34 mg per hundred cubic centimeters The patient 
w^as admitted to the hospital in order that the vasomotor index might be determined 
One injection (50,000,000 bacilli) was given One hour later chills appeared and 
lasted for tw'enty-five minutes That afternoon there was a sudden onset of severe 
pain from the back of the left leg to the left lumbar region and numbness of the left 
foot The femoral pulse was lost The pain w'as excruciating and w^as not con- 
trolled by opiates On the following morning, anuria was present That night the 
patient died m spite of efforts to restore renal function At postmortem examina- 
tion, advanced arteriosclerosis and thrombosis of the iliac arteries were found The 
kidnejs were essentially normal 

Case 13 — A man, aged 51, had undergone resection of a malignant papilloma 
of the stomach five months previous to admission Recently he had had acute 
polyarthritis The urine was normal on examination, the recovery of phenolsul- 
phonphthalein w'as normal The concentration of urea in the blood w'as 17 mg per 
hundred cubic centimeters' The history was negative for low'er intestinal or renal 
disability Because of severe chronic infectious arthritis, which was not relieved by 
ordinary measures, one injection (25,000,000 bacilli) was given There was a 
moderate reaction, with a rise in temperature to 100 F , then the temperature 
became normal On the following morning there was a secondary rise in tempera- 
ture Diarrhea appeared, with diffuse abdominal soreness and slight rigidity’', which 
continued the following day There w'as no localization of the abdominal pain 
The leukocytes numbered 30,000 per cubic millimeter of blood The third day 
after the vaccine had been given, anuria and cessation of diarrhea developed The 
concentration of urea in the blood was 116 mg per hundred cubic centimeters 
Anuria continued and the concentration of urea in the blood rose to 270 mg per 
hundred cubic centimeters in spite of repeated intravenous injection of diuretics 
and the use of hot packs Bilateral renal capsulotomy and left renal sympathectomy 
w’ere performed The following four days, the output of urine increased to 500 cc 
a day, but the concentration of urea in the blood rose to 236 mg per hundred cubic 
centimeters Coma and death supervened At postmortem examination evidence 
of acute nephritis or definite arteriosclerotic changes was not found The anuria 
was unexplained on the basis of the condition of the renal tissue Acute ulcerative 
colitis, acute purulent prostatitis, arteriosclerosis graded 2 and subacute peri- 
carditis were found 

Case 14 — A man, aged 38, presented marked deformities, generalized emaciation 
and secondary anemia He had chronic infectious arthritis Transfusion was 
performed The urine was essentially normal on examination Keratitis developed 
Protein therapy was suggested After the first injection (50,000,000 bacilli) a 
moderate reaction appeared Pams in the joints improved Ten hours later, a sore 
throat developed On the following day the temperature was 103 F , and pharyngi- 
tis, laryngitis and edema of the epiglottis w'cre present One week after the injec- 
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tion the condition of the ej^e was improving, although that of the throat was not 
In the urine, the amount of albumin was graded 1, and the number of erythrocytes, 
3 Sixteen days after the injection slight bronchitis was present, and twenty-six 
days after the injection anuria appeared Anuria continued for three days m spite 
of treatment Cardiac failure and death supervened At postmortem examination, 
bronchitis, bronchiectasis, abscess and slight empyema were found Acute diffuse 
nephritis also was present, but there was no evidence of previous nephritis or of 
definite arteriosclerotic changes m the kidneys 

Repot ts by OtJiets — Although the leactions lecounted heie were 
diverse, they were, including fatalities, in general compaiable to those 
which have occuried elsewhere after the use of various proteins and 
which have been leported by a numbei of clinicians The reactions 
that have been leported represent a very small incidence among the 
enormous number of patients who must have been tieated by means 
of foreign proteins Particular!})' noteworthy are the cases reported by 
Irons,^" Miller,^® Schmidt,^® Petersen,^® Gmsburg,®^ Allen and Smith- 
wick and Richardson 

Reactions in aithiitic patients after the intravenous administration 
of typhoid vaccine have been reported as follows delirium tremens, 
pneumonia and death of a patient with alcoholism and arthritis (Miller, 
Scully -*) , delirium tremens and recovery in four additional such cases 
(Cecil,®® Miller, Scully) , delirium and recovery of a patient with 
arthritis who did not have alcoholism (Cowie and Calhoun®®) , vomit- 

17 Irons, E E The Treatment of Gonococcus Arthritis by Injections of Dead 
Gonococci, and the Clinical Reaction which Follows the Injections, Arch Int Med 
1 443 (Alay) 1908, The Clinical Use of Foreign Protein, Tr A Am Physicians 
32 91, 1917 

18 Miller (footnote 10, first and second references) 

19 Schmidt, Rudolf Zur Frage der Herdreaktionen ihrer Spezifitat und 
ihrer diagnostisch-therapeutischen Bedeutung, Deutsches Arch f klm Med 131 

1 (Dec 12) 1919, Ueber das Problem der Protemkorpertherapie, Med Klm 2 
695 (July 4) 1920 

20 Petersen, W F Serum Changes Following Protein “Shock” Therapy, 
A.rch Int Med 20 716 (Kov ) 1917, The Non-Specific Reaction, JAMA 
76 312 (Jan 29) 1921 Protein Therapy and Nonspecific Resistance, New York, 
The Macmillan Company, 1922 

21 Gmsburg, I S Complications m Protein Therapy, Vrach gaz 30 1003 
(Oct 31) 1926 

22 Allen, A W , and Smithwick, R H The Treatment of Vascular Lesions of 
the Extremities, J ilichigan M Soc 28 38 (Jan ) 1929, Thrombosis of Peripheral 
Arteries Following the Intravenous Injection of Typhoid Vaccine Report of Two 
Cases, New England J Med 200 217 (Jan 31) 1929 

23 Richaidson, H E Personal communication to the author 

24 Sculh, F J The Reaction after Intravenous Injections of Foreign 
Protein, J A ]\I A 69 20 (July 7) 1917 

25 Cecil, R L A Report on Forty Cases of Acute Arthritis Treated by the 
Intra\enous Injection of Foreign Protein, Arch Int Med 20 951 (Dec) 1917 

26 Cowie, D M, and Calhoun, Henrietta Nonspecific Therapy m Arthritis 
and Infections Arch Int Med 23 69 (Jan ) 1919 
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ing, epistaxis and death (Irons) , hemiplegia in a case of acute aithntis, 
with septic endocaiditis (Cowie , caidiac dilatation in a case of acute 
aiticular rheumatism with initial endocaiditis (Scull}^ , hematuiia 
(Campbell’®), and frequent herpes labialis (Cecil and otheis) 
Thomas stated, also, that he had heard of several deaths m patients 
with acute aithritis and seiious complications, but details of them aie 
not available 

In four cases of ai tenosclerotic vasculai disease, acute thiombosis 
has occuiied Allen and Smithwick lepoited femoral thiombosis and 
popliteal thrombosis, both necessitating amputation Richaidson had 
two fatalities following acute femoial thrombosis 

Maiked tempoiary nephritis and exaceibation of cutaneous con- 
ditions occuired m deimatologic cases (Engman and McGaiiy®°), 
hemorihage into the iris, m a case of tubeiculous iiitis (Cowie) , facial 
heipes m one case of general paial3’-sis, and acute abscess about a 
symptomless dental loot, associated with mania, m another case 
(Mackenzie ®^) 

A group of observeis have repoited untowaid occuirences aftei 
typhoid vaccine had been given inti avenously in cases of typhoid fevei 
These have included vasomotoi collapse, delirium, psychosis, epistaxis, 
enteiitis and, m eleven cases, death following hemoiihage, usually 
intestinal (Gay and Chickermg,®® Von Adelung,®® McWilliams,®'* Kiblei 
and McBride,®® Faiiley,®® Miller) 

27 Cowie, D M XVIII Nonspecific Protein Therapj’- in Aithritis, J A 
M A 76 310 CJan 29) 1921 

28 Campbell, A D The Use of Non-Specific Foreign Protein in the Treat- 
ment of Inflammatory Lesions in the Female Pehic Organs, Canad M A J 
16 413 (April) 1926, Non-Specific Therapy in Rheumatoid Arthritis, Glasgow 
M J 103 79 (Jan ) 1925 

29 Thomas, H B Arthritis and Foreign Protein, J A M A 69 770 (Sept 
8) 1917 

30 Engman, M F, and McGarry, R A Treatment of Certain Diseases of 
the Skin, J A M A 67 1741 (Dec 9) 1916 

31 Mackenrie, J M Pyrexia Induced by Intravenous Protein Therapy in 
General Paralysis, Lancet 2 223 (July 30) 1927 

32 Gay, F P, and Chickenng, H T Treatment of Typhoid Fever by 
Intravenous Injections of Polyvalent Sensitized Typhoid Vaccine Sediment, Arch 
Int Med 17 303 (Feb ) 1916 

33 Von Adelung, Edward Vaccine Treatment of Typhoid, California State 
J Med 18 175 (May) 1920 

34 McWilliams, Helen I The Treatment of Typhoid Fever with Tj^phoid 
Vaccine Administered Intravenously, M Rec 88 648 (Oct 16) 1915 

35 Kibler, C S , and McBride, L F Intravenous Injection of Typhoid 
Vaccine, J Infect Dis 21 13 (July) 1927 

36 Fairley, K D The Treatment of Typhoid Fever by Intravenous A^accines, 
M J Australia 2 291 (Sept 22) 1923, A Preliminary Report on the Treat- 
ment of Typhoid Fever with Intravenous Vaccines, ibid 2 428 (Nov 12) 1921 
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After the intramuscular and subcutaneous use of typhoid vaccine, 
acute pleurisy in several cases of pulmonary tuberculosis was noted by 
Clovis and Mills After its use foi vaccination theie have been lepoited 
cases of acute appendicitis that have developed from latent or quiescent 
appendicitis, focal pulmonary reactions m tuberculosis, bilateral atiophy 
of the optic nerve, axillaiy adenitis (five cases), rheumatic puipura, 
acute diarrhea (ten cases), asthenia, mania, one death fiom acute 


Table 2 — Unusual Reactions to Piotem Tltetapy (Othei Than Typhoid Vaccine) 

Repotted Elscwheie 



Substance 

Substance 


Author 

Used 

Given for 

Reaction 

Ginsburg 

Milk 

Arthritis 

Acute appendicitis 
(latent) 

Schavenn (quoted bj Ginsburg) 

Milk 

Arthritis 

Acute appendicitis 
(latent) 

Anuria, death (throm 

Irons 

Meningococci 

Gonorrheal 


intravenously 

arthritis 

bosis of left renal 
artery) 

Ginsburg 

Milk 

“Joint dis 
ease” 

Adenitis, lymphangitis 

Sudler (J A AI A 75 176 [July 

Phylacogen 

Rheumatism 

Death (“anaphylaxis”) 

17] 1920) 

Schmidt, DeCourcy 

Milk 

Arthritis 

Tonsillitis, exacerba 
tion 

Kaess (Deutsche Ztschr f Chir 
183 316, 1923) 

Various 

Arthritis 

“Bloody diarrhea”, 
enteritis (?) 

Laurie (M J Australia 1 309, 

Bacillus coll 

Rheumatoid 

Vasomotor collapse, 

1923) 

intravenously 

arthritis 

uremia death 

Lamson (J A M A 82 1091 

Antistaph 

Acute rheu 

Death (thrombophlebitis 

[April 5] 1924) 

ylococcus serum matism 

of iliac veins) 

Petersen 

Various 

Arthritis, old 
cardiac lesion 

Cardiac enlargement 

McLean (J A M A GO 58S [Feb 

Phylacogen 

Articular 

Circulatory collapse. 

22] 1913) 


rheumatism 

anuria, death 

Schmidt, DeCourcy 

Milk 


Acute cholecystitis 
(latent) 

Secondary glaucoma 

Beigclman (California & West 

Milk 

Uveitis 

Med 10 404, 1929) 

Irons 1-1 

Meningococci 

intravenously 

Typhoid fever 

Edema of lung, hemor 
rhage of brain and eye, 
death 

Hektoen and Irons 

Polyvalent 
stock vaccine 

Thrombo 

phlebitis 

Pulmonary embolus 

W'ood 

Phylacogen 

Pneumonia 

Death (“anaphylaxis”) 

W ood 

Phylacogen 

Typhoid fever 

Death (“anaphylaxis”) 

Darier 

Milk 

Xeratitis 

Death (cardiovascular 
depression) 

Severe hemorrhage, 
cachexia 

Laufer 

Novaprotein 

Duodenal ulcer 


cardiac dilatation and eight deaths from anaphylaxis Unusual reactions 
to proteins other than typhoid vaccine are given in table 2 

In addition, I have found reports written by about thiity different 
observers of about forty other different reactions occurimg after the 
administration of a variety of substances m a group of patients with 
dnerse complaints Many were seveie focal leactions of the condi- 
tion primarily under treatment , hence, unusual only m degi ee Others 
were more unusual, appearing m unsuspected sites They included 
such reactions as the following activation of latent and quiescent 

37 CloMs, E E, and Mills, G E Effects of Typhoid Fever and Typhoid 

Vaccine on Pulmonarj’- Tuberculosis, J A M A 74 297 (Jan 31) 1920 
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urticaiia, asthma, epileps}, gout and malaria, provocation of bleeding 
in cases of hemophilia and epistaxis, and of gastric crises in tabes, 
painful tiansient splenomegaly, onset of “cloudy vision” m albuminuiic 
letmitis, hematuria in cases of tuberculous kidney, acute furunculosis 
in cases of diabetes, exacerbation of pain and swelling m tuberculous 
lymphoma and gonorrheal bubo, perforation of corneal ulcers, other 
untowaid ocular reactions in cases of disease of the eyes, activation of 
old quiescent typhoidal spondylitis and tuberculous spond3ditis , exacer- 
bation of various cutaneous lesions such as tuberculids, syphilids, 
leprosy and otheis, increased secietion in old fistulas and in cases of 
gonoirheal infection of the genito-urmary tract, increased bronchiectatic 
excretion, and focal pulmonar}^ reactions in cases of latent tuberculosis 

Sudden deaths geneially considered “anaphylactic” have been 
repoited by Dariei,'*'’ Shipp,^° Russel,^’- Myers,^^ Wood,^® Thomas,-^ 
Lenioine,^^ and in the United States Naval Medical Bulletin It is 
possible that some of them may have been from acute vasomotor collapse, 
lather than from true anaphylaxis (Scully 

In considering the t3''pes of unusual reactions seen here, in particular 
appendicitis, cholec3^stitis, glaucoma, respirator3'- infections and ulcera- 
tive colitis. It must be realired that for these very conditions protein 
theiap3 has been used with impunit3^, and at times even with success 
It has been used for appendicitis by Erdely , for pi imary glaucoma by 
Patton^' and by Berneaud,"*® foi secondar3^ glaucoma by Howaid,'*® 

38 Benedict, W L Protein Therapy in Ophthalmology, Minnesota Med 11 
203 (April) 1928 Tobias, G Focal Reaction in Eye in Protein Therapy, Klin 
Wchnschr 1 515 (March 11) 1922 

39 Darier, A Pour et contre les injections de lait, Clin opht 25 607, 1921 

40 Shipp, J M, quoted by Russell (footnote 41) 

41 Russel, J L Report of Two Deaths from Third Inoculation with 
Typhoid Paratyphoid Vaccine, Some Observations on Typhoid Inoculations, 
Kentuck}’^ M J 22 378 (Oct) 1924 

42 Myers, W A Theory and Practice of Non-Specific Therapy, J Kansas 
M Soc 20 30 (Feb ) 1920 

43 Wood, F C, quoted by Kross J M Research 43 29 (Jan) 1922 

44 Lemoine, A N , in discussion of Allen, T D Typhoid Vaccine in Ophthal- 
mology, Tr Sect Ophth , A M A , 1925, p 135 

45 Division of Preventive Medicine Two Deaths Following Inoculation wnth 
B Typhosus Vaccine, U S Nav M Bull 25 736 (July) 1927 

46 Erdel}'-, G Protein Therapy und Appendicitis, Fortschr d Therap 3 
691 (Oct 10) 1927 

47 Patton, J M The Pros and Cons of Foreign Protein Injections in 
Affections of the Eye, J Iowa M Soc 12 387 (Oct) 1922 

48 Berneaud Ueber den Wert der Milchmjektionen bei Augenerkrankungen, 
Munchen med Wchnschr 1 1040 (Sept 5) 1919, Milchmjektionen bei Augen- 
Leiden, Berl klin Wchnschr 1 887 (Sept 15) 1919 

49 Howard, H J Non-Specific Protein Therapy in E 3 ’’e Inflammations with 
Special Reference to the Use of Typhoid Vaccine, China M j 41 395 (Maj ) 1927 
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for neuroretinitis by Boj-d®'’ and others, for influenzal pneumonia by 
^^'’elIs,^^ Roberts and Caiy and by Cowie and Beaven , in the 
presence of albuminuria by DeCourc)’’, in gastric and duodenal ulceis 
by Pribram, Schmidt and E F Mueller , in cholecystitis and 
gout by Schmidt, and in diabetes by Schmidt and by Fischer and Wich- 
mann-Krause At the clinic Bargen and I have used protein with 
safety, at times with definite relief, in cases of arthritis associated 
uith ulcerative colitis 

“It becomes clearl} evident,” then, as Petersen wrote, “that the 
identical leaction may alter an inflammatoiy focus in seemingly dia- 
metiically opposite wa 3 ^s, restitution without suppuiation, as well as 
acceleration of suppuration with absorption following ” 

Chntcal Classification — Clinical expiession of these so-called focal 
01 “herd” reactions, has been classified by Schmidt and Petersen undei 
three headings (1) stimulation of inflammatory foci of infectious 
origin, (2) stimulation of mflammator} foci of noninfectious origin 
and (3) stimulation of latent diathetic phenomena 

Stimulation of inflammatory foci of infectious origin may occui 
at the site of the active primary inflammation, such as the joints in 
aithritis, the eye in ocular infections, and so forth It may occur at the 
site of active subsidiary inflammation, such as was seen in the enteiitis 
that appeared in case 9 and in the exacerbation of dental infection and 
disease of the gallbladder in case 7 It may occur, also, in latent 
(inactive) and unsuspected foci Heie would be listed the majority 
of my cases, and the reactions would be illustiated by the adenitis in 
cases 3 and 4, by the appendicitis in cases 8 and 10, by the cholecystitis 
in case 6, by the respiratory infections in cases 1 and 2 and by the 
ocular infections in case 11 In certain fields, particulaily in genito- 

50 Bovd, William Some Uses of Nonspecific Protein Therapy, J Lab & 
Gin Med 5 88 (Oct) 1919 

51 M ells, C W Intravenous Injections of Foreign Protein m Influenzal 
Pneumonia, JAMA 72 1813 (June 21) 1919 

52 Roberts, Dudley, and Carv, E G Bacterial Protein Injections m 
Influenzal Pneumonia, J A M A 72 922 (March 29) 1919 
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uiinaiy work, such focal reactions have been deliberately invoked as 
piovocative tests of distinct diagnostic and therapeutic merit 

Under stimulation of mflammatoiy foci of noninfectious oiigin 
have been grouped ocular and renal lesions, such as nephritic retinitis 
and pain at the site of recent fracture 

Under stimulation of latent diathetic phenomena have been grouped 
attacks of asthma, epilepsy, gout, tabetic ciises and delirium tremens 
among patients who are victims of chronic alcoholism 

Mechamsm of Focal Reactions — Further expeiience with and study 
of unusual reactions will be necessaiy to determine the coriectness of 
the clinical classification just given It seems difficult to place m this 
clinical grouping such leactions as acute vasculai thrombosis, anuiia 
and glaucoma occurimg m appaiently normal eyes The production of 
massive thrombi piobably lequires preexisting vascular disease Brown 
also has concluded that it probably lequiies arteriosclerotic vascular 
disease, as it has never occuiied m uncomplicated cases of thiombo- 
angiitis obliterans m which protein theiapy was used Howevei, Hek- 
toen and Irons®® repoited a severe reaction and pulmonary embolism 
occuirmg immediately after a subcutaneous injection of polyvalent 
stock vaccine for thrombophlebitis 

Allergy or anaphylaxis as the cause of focal reactions has been 
suggested, among others, by Kolmei and by Gottschalk Apart 
from the massive thrombi seen m these cases of vascular disease, it 
must be remembered that small thrombi aie pait of the pathologic 
manifestations of anaphylactic and anaphylactoid events It has been 
suggested that all of these untoward reactions have as their common 
pathologic basis small thrombi which, in turn, are due to a common 
immunologic alteration, such as allergy or anaphylaxis Sollmann, how- 
ever, has expressed the belief that foreign protein therapy does not 
elicit an immune reaction but a pharmacologic leaction 

Details concerning the sudden “anaphylactic” deaths repoited are, 
in geneial, meager Although some have expiessed the belief that 

59 Hollowa 3 ^ J K, and Von Lackum, W H Chronic Prostatitis with 
Special Reference to Its Focal Aspects, M J & Rec 122 64 (July 15) 1925 
Muller, Rudolf Die Behandlung des venenschen Bubo mit Milchinjektion, Wien 
kill! Wchnschr 32 780 (July 10) 1919 Neverman, Hans Eine intrakutane 
Pro^ okations-Methode bei der weibhchen Gonorrhoe, Munchen med Wchnschr 
1 141 (Feb 4) 1931 

60 Hektoen, Ludvig, and Irons, E E Vaccine Therapy, JAMA 92 864 
(March 16) 1929 
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W B Saunders Company, 1924 
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anaphylaxis does occur aftei piotein therapy (Nakazawa,®“ Valleiy- 
Radot,®^ Teague and McWilliams,®^ van Randenborgh,®® Kross®'), 
otheis have expressed their belief that tiue anaphylaxis does not occur, 
in that eosinophiha or bronchial spasm are not evident (Miller and 
Lusk,® Cowie and Calhoun,®® Greenthal and Brown®®) 

Careful review of the past medical experiences of patients seen in 
the clinic did not reveal a detectable, significant, common denominator 
Theie was no history of h} persensitivitj'- to protein, known alleigy or 
urticaria Only two patients had had typhoid fevei and these not within 
lecent years 

A brief stud)'' of the mechanism of pioduction of the focal leactions, 
as summarized by Petersen, may help to explain some of the accidents 
of protein therapy The injection initiates a sharp clinical departme 
from the physiologic equilibrium The most important feature of the 
reaction is its dual nature, expressed in two phases The symptoms 
of the first (negative) phase aie increased inflammation, pain, iirita- 
bihty, redness and swelling at the sites of active or latent inflammation 
Four mam factors are believed to pioduce these symptoms (1) An 
inciease in capillaiy permeability and increased exudation of tissue 
fluids occur, redness and swelling result, (2) increased tissue pressure 
IS pioduced, and there is lowering of the threshold for neivous stimuli, 
increased pain and tenderness occur, (3) theie follow increased diges- 
tion of inflammatory tissue at foci of circumscribed infection and 
inflammation, localization of focal reactions is aided by the fact that 
cells previously involved in an inflammatory reaction respond more 
readily to all stimuli, and (4) if the lesultant necrosis of tissue is gieat, 

63 Nakazawa, F Influence of Parenterally Administered Protein Substance 
upon Respiration of Tissue Cell, Tohoku J Exper Med 5 546 (March) 1925 
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theie IS maiked systemic autointoxication from absorption of digested 
material 

The departure fiom the physiologic equilibrium somehow stimulates 
a leverse phenomenon which not only restores but overcorrects the 
inflammatory status, and partial or complete healing is obtained The 
vaiious theoiies regarding the exact mechanism of this stimulation 
cannot be given It was Weigeit®® who first stated that local necrosis 
at some part of a living organism will, as a rule, lesult m heightened 
functional activity But Arndt provided the corollary that although 
weak stimuli accelerate vital activities, strong stimuli inhibit them, and 
maximal stimuli suppiess oi utterly destioy them Hence, if the lytic 
phenomena of the first phase are excessive, neciosis may get beyond 
control, without the healing phenomenon of the second phase to com- 
pensate for it In one case the negative phase may be scarcely obvious 
and the positive phase may rule the picture Indeed, Cowie has 
expressed the belief that, m arthritis at least, as far as a i eduction of 
antibody content is concerned, a negative phase is not induced In 
another case the opposite may occur, and a positive phase does not seem 
to follow the negative phase Then a chronic progression of the 
inflammatory state may be the deleterious result of protein therapy 
Then ulceiation, even perforation of certain structures, such as the 
appendix oi cornea, may occur Thus, as Maliwa has expressed it, 
the art of protein therapy is not to exceed the desirable limits of this 
mflammatoiy process According to Gainson,® “The crux of the matter 
IS the specific reaction of the individual patient to the threshold dose " 

I am still not ceitain whethei these explanations are fully adequate 
to account for the production of all unusual leactions Although a 
change in capillary permeability is among the features noted as part 
of the normal reaction, such a change is probablv usually relatively 
slight This change would have to be unusually profound to produce 
vascular thrombosis, glaucoma and anuria in the presence of normal 
vascular, ocular and renal function One must either assume that 
function or histologic stiucture was not entirely noimal, or that these 
unusual alterations of function were induced by unusual alterations in 
permeability Perhaps, then, a fourth clinical grouping should be rec- 
ognized, namely, reactions dependent on some marked vasomotor or 
intravascular chemical change, or on profound disturbances in capillary 
permeability or colloidal dispersion This group would include chiefly 
the vascular accidents, and certainly would provide the most acute, and 
most of the fatal, reactions 

69 Weigert, quoted by Garrison (footnote 9) 

70 Arndt, quoted by Garrison (footnote 9) 
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Studies of blood chemistry indicate that no definite burden is put 
on the kidne3’^s b}'^ the leaction, even though many minor variations in 
lenal function are produced It was reported by Fiemont-Smith 
that in the first phase a degree of antidiuresis is produced that may at 
times approach anuria In the second phase antidiuresis may con- 
tinue, or diuresis may begin and ma}^ continue the subsequent day 
]\Iy studies on the excretion of phenolsulphonphthalem at diffeient 
stages in the reaction disclosed that the excietion of dye may be reduced 
as much as 50 per cent duimg the second phase, with a subsequent 
prompt retuin to normal These alterations in renal function may have 
a vascular basis 

Petersen and Miller expiessed the belief that vasodilatation of 
renal vessels occurs in the first phase, vasoconstriction, in the second 
jNIendelsen’s expressed opinion was that the lenal vessels aie con- 
stricted, but at what stage, he did not mention The geneial vasculai 
changes include reduction of peripheial blood pressure in the first and 
second phases, at times, consideiable reduction in the latter phase 
Capillary permeability is thought to be increased in the first phase and 
decreased in the second phase The condition of the cutaneous capil- 
laries IS not definite Fremont-Smith and his co-workers repoited 
marked stasis of capillary blood in the first stage and rapid flow in 
the second Brown has noted vai lability, depending on whether the 
patient had normally warm or noimally cold hands In general, there 
uas a slow flow, or stasis, in the prodromal (latent and chill) phase, 
with increased flow in the subsequent phases It was the slowing of the 
peiipheral flow of blood in the first stage to which Allen and Smithwick 
attributed thiombus formation 

Although the fatal anuria in one of my cases was in association 
with iliac thrombi, and in another wuth a diffuse renal lesion, in the 
third case there was neither nephiitis nor thrombus Antidiuresis is 
concurrent with fever, but in this case there was no prolonged fever 
It IS but speculation to suggest that the anuria was the lesult of a dis- 
tuibance of renal vascular (vasomotor) physiologic piocesses which 
was not follow^ed by reestablishment of the normal condition If it is 
true that the vasomotor status m the viscera is opposite to that in the 
peripher} in the first stage, and that both undergo, in the second stage, 
complete reversal to the opposite status, one might suggest either that 
an extensive vasomotor or intravascular chemical change, lesulting in 
thrombosis, or that a vasomotor imbalance set in a state of irretrievable 

72 Fremont-Smith, Frank, Morrison, L R, and Makepeace, A W Capillary 
Blood Flow in klan During Fe^er, J Clin Investigation 7 489 (Aug) 1929 

73 Mendelsen, Walter On the Renal Circulation During Fever, Am J M 
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decompensation is induced These possibilities aie particularly tenable 
m cases of vascular disease, for instance, of aiteiioscleiosis 

Relation of Dose of Vaccine to Reactions — Dosage seems to be 
of vaiiable significance m the pioduction of undesiiable reactions 
Untoward reactions have occuried after veiy small doses administered 
intramuscularly as well as intravenously In my series the reactions 
all followed small doses Contrarily, many physicians have used pur- 
posely, and others by mistake, veiy high doses with impunity Cowie 
and Calhoun, Howard and othei s repeatedly used intravenously, without 
accident, doses as high as from 1,500,000,000 to 2,500,000,000 typhoid 
organisms Although the dose m the fatal case repoited by lions’-^ 
was high (5,000,000,000 organisms), he and Joblmg^® have stated that 
similarly high doses of vaiious oiganisins have been given without 
apparent haim The size of the dose only, therefore, cannot be blamed 
for unusual reactions 

Regarding high doses, let me note here an unusual reaction that 
occurred elsewheie subsequent to an injection of 2,000,000,000 typhoid 
and paiatyphoid bacilli by mistake A patient with thrombo-angiitis 
obliterans was seen at the clinic in 1928 Aftei fair relief had followed 
an initial injection of 125,000,000 bacilli, he was advised to have similar 
treatment continued at home Through a misunderstanding on the 
patient’s part, the physician at the patient’s home was induced to give 
two injections, each of which contained enoimous doses The second 
dose was later estimated to have been of at least 2,000,000,000 
oiganisms The reaction was intense A temperature of from 104 to 
106 F lasted for three weeks Gangiene of the right foot promptly 
occurred, and amputation was necessitated a few weeks later 

Although laige doses may be toleiated, small doses if accompanied 
by an adequate leaction, seem piefeiable, since as beneficial lesults 
seem to follow the use of the small doses as the large doses Regaidmg 
frequency of doses, Howard repoited giving, without harm, fifty- 
seven injections intravenously to a patient over a period of eleven 
months 

Conti aindications — There are certain conti aindications to tieatment 
by foieign protein These are as follows (1) marked artei losclerosis, 
peiipheral or renal, (2) uncompensated cardiac (Cowie), renal (Miller) 
01 vasomotor (Cecil) disease, (3) chionic infections of long duration, 
with dissemination to several sites, (4) states of exhaustion following 
prolonged illness (Miller) , (5) pulmonary tuberculosis, active or 
quiescent, (6) conditions in which hemoirhage may occui, such as 

75 Jobhng, J W The Influence of Nonspecific Substances on Injections, 
Arch Int Med 19 1042 (June) 1917 
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hemophilia, in patients subject to frequent bleeding, such as epistaxis, 
and m the ulcerating stage (third week) of typhoid fever (Snyder,^^ 
Jobhng) , (7) the period within fourteen days after an operation, for 
hemorrhage has occurred occasionally when vaccine was given within 
ten days after tonsillectomy or minor pelvic operations, (8) marked 
hypertension (Miller) , (9) chronic alcoholism, for fear of dehiium 
tremens (Scully, Muller) , (^10) states of grave nervous instability 
(Scully), quiescent or active, such as hyperthyroidism (Miller), epilepsy 
and certain psychopathic conditions other than dementia paralytica, 
(11) definite protein hypersensitivity, suggested by a history of serum- 
sickness, urticaria or angioneurotic edema (Betz"®), (12) pregnancy, 
for fear of inducing hemorrhage and uterine muscular contractions 
(Sn)der, Betz, Ichikawa) , (13) rheumatic fever with acute or decom- 
pensated carditis (compensated cardiac disease has not been considered 
a contraindication [Miller]), and (14) diabetic acidosis (Woods'^®), 
the treatment has been safely used at the clinic in controlled diabetes 
coexistent with arthritis 

Certain investigators do not consider endocaiditis a contraindication 
Miller has tried protein therapy m cases of septic endocarditis, and 
Gross®® and Cecil have employed it safely m cases of rheumatic fever 
with endocarditis Others feel that it can be used with safety, if with 
caution, in hypertension, pregnancy (Campbell), disseminated infection, 
typhoid fever (Fairley, Miller), hypersensitivity, menstruation (Camp- 
bell) and severe anemia (Miller) Infancy and age (Laurie) have not 
been considered contraindications, provided that with age the vasculai 
system particularly seems materially sound 

Regarding the safety of protein therapy m pulmonary tuberculosis 
there are different opinions Schmidt and Kraus ®^ and Campbell 
reported pulmonary focal reactions in tuberculous patients, and 
Matthes ®® in tuberculous animals, after injections of protein In the 
review of Hektoen and Irons are cited five deaths from activation of 
latent pulmonary tuberculosis by the use of stock mixed vaccines On 
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the othei hand, in expeiiments on animals Baldwin and L’Esperance 
believed increased fibrosis and resistance were provided, whereas Brown, 
Heise, Petroff and Wilson noted focal activation m only 2 of 124 
tuberculous patients given antityphoid immunization Similar safety 
was reported by Clovis and Mills 

Unusual reactions have been noted much moie frequently on the 
arthiitic and vascular services than elsewheie at this clinic In the 
section on dermatology and syphilology much larger doses aie given 
than on the aithntic service, yet untoward reactions aie rare In cer- 
tain mti actable cases of neurosyphihs, piogressive doses reach the 
amount of several billion organisms given intiavenously In a very 
few cases, petechiae, jaundice or reactivation of malaria have been 
noted This would seem to emphasize what was stated previously, 
that the reaction does not depend only on the material or dose used, but 
on the type and extent of the patient’s illness In severe chronic infec- 
tious arthritis it is recognized that the pleura, pericardium, spleen and 
lymph nodes often endure the disseminated infection or inflammation 
Such dissemination may explain the pi eponderance of reactions m this 
group of patients In these cases, especially when there is a history 
of recent pleuiisy, pericarditis, myocaiditis or abdominal infection, 
special caie may be necessary There must be some regenerative power 
left in affected tissues to obtain good lesults Although exhaustion 
and disseminated inflammation may mitigate against the best results, 
one may not always be justified m withholding the possible benefits of 
such treatment in those cases m which relief is most desired and difficult 
to obtain, and when previous treatment has failed (Cecil) 

Pievenhon of Unfowaid Reactions — Prevention of untoward reac- 
tions may be possible It is dependent on (1) familiarity with the sub- 
stance used, (2) moderate dosage, (3) careful selection of patients, 
(4) care of the patient during the reaction, and (5) continuation of 
the treatment only if the reactions aie well borne and satisfactory 
relief is obtained 

Most important is the selection of patients with due regard to the 
contraindications noted Inquiiy into the history may suggest the 
possibility of the presence of quiescent infection from past illnesses In 
the presence of marked exhaustion, disseminated infection with little 
evidence of resistance on the patient’s part, or marked arteriosclerosis, 
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protein therapy b} a more conservative method than the intravenous 
injection of vaccine should be the method of choice The vascular and 
\asomotor alterations induced by a marked reaction may be pooily 
borne The proteins that entail milder reactions and the more con- 
servative (intramuscular) method of administration may be permitted 
Although hospitalization during treatment is advisable for patients 
vho are seiiously ill, or if it is suspected that an untoward reaction or 
focal stimulation might occur at the clinic, treatment is administered to 
large numbers of selected persons who remain as outpatients Patients 
should be advised what constitutes the symptoms of a normal reaction, 
so that unusual phenomena may not be ignored 

To avoid gastro-intestmal symptoms if possible, it is better that no 
food should be taken from two to four hours prior to an injection 
However, many tolerate injections without such restriction of food 
The patient should go to bed within a half hour after the injection, 
and remain there during the reaction To lessen the discomforts of the 
reaction especially the period of chill, hot water bottles and mild 
analgesics should be supplied It has been noted that the local appli- 
cation of heat prevents stasis of the blood in peripheral capillaries, 
^^hlch occurs in the first stage, or it abolishes stasis once it has occuried 
Fluids should be given during the treatment, especially if reactions are 
associated with definite loss of weight 

The reaction can be shortened and discomfort lessened, according to 
Scully-^ Myeis^- and Perkins and White®® by preceding the injection 
vith a small dose of codeine or morphine given hypodermically, and 
b) giving from 5 to 10 minims (0 31 to 0 61 Gm ) of epinephrine 
chloride (1 1 000 solution) subcutaneously after the chill Heat may 
suffice instead of epinephrine It may be argued, however, that mini- 
mizing the reactions thus maj lessen the chances for ultimate benefit 
Duke ®' has expressed the belief that unusual reactions may be prevented 
b} mixing veiy small doses of epinephrine and ephedrme uith the 
A accine 

Eajly Recognition — In eight of ni}'^ fourteen cases m which unusual 
leactions occurred, the reaction appeared after the initial dose In the 
experience of Zimmer and Buschmann,®® focal reactions usuallj occui 
after the first injection and, if they recur, may be of minimal severit\, 
and final!} may cease to occur The approach of unusual leactions fie- 
quently can be recognized by attention to unusual complaints on the 
part of the patient Pam in the thorax or precordium may signalize 

86 Perkins, R J , and White, G B Rheumatoid Arthritis Treated with 
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pleuiisy 01 peiicaidilis Unusual degrees of nausea and anoiexia or the 
appeal ance of diaiiliea or of localized abdominal tenderness may mark 
the onset of enteritis or focal activation m the appendix, gallbladder or 
pelvis A sharp, continued pain in the legion of a large blood vessel 
during the period of chill, or at the end of it, may denote the formation 
of thrombi If the patient’s fever continues longer than from eighteen 
to twenty-foui hours after the injections, reexamination of the thorax 
and abdomen is indicated The leukocytosis (from 15,000 to 40,000 
leukocytes pei cubic millimeter of blood) induced by the reaction usually 
disappears after from twenty-foui to forty-eight hours If it remains 
high, an explanation should be sought An adequate output of urine 
the day of the injection and for two days subsequent to it, should be 
inquired for and insured 

Tieatment of the Reaction — ^The treatment m cases of unusual 
leaction does not differ in general from the treatment of such phenomena 
when they are not induced by piotein theiapy When frank instabilit)/ 
of vascular ph 3 ^siologic processes occuis, it should be treated on the basis 
of the knowledge of the vasomotor alterations induced, particularly in 
the first or negative phase of the reaction If vascular accidents occur, 
such as thrombi oi vasomotor depression, the patient should be kept 
in bed, and warm applications should be used If possible, thiombi in 
peripheral vessels should, of couise, receive piompt suigical care Gow,®° 
stressing the possible anaphylactic natuie of some of the reactions, 
relieved dyspnea and cyanosis by injections of epinephime (0 75 cc of a 
1 1,000 solution) or one-hundredth gram (0 6 mg) of ati opine sul- 
phate In this connection the expeiimental work of Hanzlik and 
Karsner on the prevention oi amelioration of anaphylactoid phe- 
nomena from intiavenous therapy by the use of ati opine and epinephime 
IS of interest If renal insufficiency and ohguiia occui, the intiavenous 
administration of diuretics is indicated 

The activation of latent mflammatoiy foci, if kept within control, 
should not be looked on as an untowaid leaction Indeed, it should be 
regal ded as a fortunate demonstration of unsuspected infection Thus 
the procedure constitutes a legitimate provocative test Theoietically, 
the possible harmful phenomena of the first phase are safely reversed 
by the second phase It may not always be safe to lely on this, however 
For example, if acute appendicitis is discovered, the usual surgical 
indications pievail 
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SUMMARY AND CONCLUSIONS 

The leactions to injections of foieign protein (typhoid \accme 
intravenousl}^) have been studied in a group of about 2,500 patients, 
representing an aggregate of about 10,000 injections Of these 2 500 
patients approximately 1,500 were on the arthritic service and 1,000 on 
the vascular and other serrices 

The reactions have, in geneial, been well boine, and the beneficial 
results from protein therap) justit}^ m certain diseases at least, its 
continued use and further de\elopment 

Unusual reactions to such treatment have been lare at the clinic 
They have occurred in this series in fourteen cases in all, an incidence 
of about 0 5 per cent of the patients They occuried seventeen times 
in the treatment of twelve patients with arthritis (including one patient 
with rheumatic fever) and three times in the treatment of two patients 
with occlusive vascular disease Thus, of 10,000 injections only twenty 
w ere followed by an unusual reaction, an incidence of 0 2 per cent of the 
injections 

Unusual reactions subsequent to tbe injections were as follows 
acute and subacute appendicitis, cholecystitis, enteritis, pleurisy, peri- 
carditis, iritis, glaucoma, adenitis, extensive vascular thrombosis and 
lenal insufficiency In arteriosclerotic vascular disease, acute thrombosis 
is the occasional possibility In aithritis and other diseases, the reactions 
are i ariable It is believed, that these reactions are not incidental compli- 
cations, but are related to protein therapy in the piesence of an under- 
hing disease 

Death occurred in three instances, a mortality rate of 0 12 per cent 
This constitutes a very small risk, but a risk that must be recognized 
and that can possibly be avoided b}’^ the most caieful selection of patients 

Unsuspected latent or quiescent focal inflammation and infection 
may be stimulated Except in certain conditions, of which pulmonary 
tuberculosis is one, the knowm piesence of latent or quiescent foci should 
not act as a contraindication to such treatment Indeed, part of the 
\alue of such treatment lies in the possible demonstration of suspected 
or unsuspected foci otherwise undemonstrable at the time Such reac- 
tions, if their significance is appieciated, may be advantageous rather 
than detrimental 

The mechanism of the usual and unusual reactions can be under- 
stood in part at least, from study of the various leported components 
of the reactions 

Unusual reactions have been considered previously as being of three 
tjpes, for they resulted mainly in one of the following (1) stimulation 
of inflammator}^ foci of infectious origin, (2) stimulation of inflam- 
niatorj foci of nonmfectious origin or (3) stimulation of latent diathetic 
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phenomena There may be a fourth type of unusual reaction, one 
dependent on some maiked vasomotor or intravascular chemical change 
which may produce acute thrombosis or vasomotor imbalance Advanced 
sclerosis of peripheral coronary or renal arteries must be stressed as a 
possible contraindication m addition to those mentioned by others 
Particularly must this be taken into consideration in the treatment for 
occlusive arteriosclerotic vascular disease of the extremities 

The prevention, recognition and treatment of unusual reactions is 
considered 

The assembly here of the unusual reactions experienced at the clinic 
and elsewhere, it is hoped, will not give them an undue emphasis, to 
the detriment of a useful and essentially safe form of treatment The 
recognition that such reactions may occur has led me to a more careful 
selection of patients and a more judicious use of protein therapy 



THE QUANTITATIVE DETERMINATION OF THE 
POTENCY OF LIVER EXTRACT"^ 


J P McGOWAN, MD 

ABERDEEN, SCOTLAND 

In a pievious communication ^ it was demonstrated that liver extiact 
had a maiked influence m ameliorating the signs and sjmptoms of per- 
nicious anemia of the fowl The present paper deals with the same 
subject on a quantitative basis 

As already discussed,^ a disease complex, analogous in all important 
respects to pernicious anemia in human beings, can be separated from 
the pernicious anemia-leukemia syndrome of Ellermann “ as it occurs 
in fowls Moi cover, it can no longer be doubted that, in fowls, the 
leukanemic or aleukemic leukotic cases, that is, cases with symptoms 
and signs of peinicious anemia but with myelocytic proliferations in 
vaiious organs, especially in the liver, belong essentially to the per- 
nicious anemia gioup and not to the leukotic one Pernicious anemia, 
therefore, as it occuis in the fowl, is quite a distinct and separate 
disease in eveiy respect, especially as legards etiology, from leukemia 
or leukosis There are no borderline or transitional cases, such as 
leukanemias might be consideied, bridging the gap between the one 
state and the othei The piesent investigation makes use of cases of 
pernicious anemia so defined as the basis of the experimental work 

The fowls employed were white leghoins of various ages, the sub- 
jects of a spontaneous attack of the disease The condition m the 
diffeient cases had piogressed to varying degrees of severity 

Mfliile under observation, they were confined singly in cages, inside 
a house They were fed, ad libitum, on a bran and sharp mash and 
mixed grams, and had free access to water and oyster shell grit As 
they \\ere still on the same ration as befoie but no longer on free lange, 
their conditions were not so hbeial as those under which they had 
conti acted the disease 

The various medicinal agents weie administered twice dail}, at 
9 30 a m and again at 2 p m This daily twofold dosing has to be 
borne in mind in reading the accompanying charts, which indicate only 
the points vhere a certain treatment or change of treatment was com- 

Submitted for publication, April 8, 1931 
From the Rovett Research Institute 

1 I^IcGowan Edinburgh il J 37 330, 1930 

2 Ellermann The Leucosis or Fouls and Leukaemia Problems, Gjddendal, 
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menced As a lule the fowls received am one dose for two da\s befoie 
a change was made to the next highei one 

The obseivations lecorded were made for the purpose of ai riving 
at the smallest dose of liver extiact which would pioduce a noticeable 
and significant effect* on the blood cuives They deal, thus, with the 
effect of admimstiation of liver extiact in conjunction with iron and 
ammonium citiate by mouth, of liver extract intraperitoneall} with 
lion and ammonium citrate oially, and finally of liver extract intra- 
pentoneall}^ without iron The description follows the same sequence 
The amount of iron and ammonium citiate administered was constant 
throughout the sei les and consisted of 0 5 Gm given twice daily 

The liver exti act employed was no 343, m three batches ® When 
given by mouth it was dissolved m water and admimsteied by means 
of a rubber teat pipet, when mtrapentoneally, it was suspended in 
ether — ^the ether being allowed to evapoiate slowly — dissolved in sterile 
saline solution and injected 

In the description of the results obtained in this investigation, much 
of the important information gleaned has been incorporated in the 
chaits A short explanation, therefoie, of each chart with a discussion 
of points special to each case will be all that is required by way of 
letterpress As it is not germaine to the piesent issue, no cognizance 
will be taken, m the description of bone marrow changes, of the finei 
details, such as the alteiation from a hemocytoblastic-amitotic to an 
erythroblastic-mitotic basis in the formation of the erythrocytes ^ The 
description will center round what is more important in the piesent 
instance, the occurrence of sclerosis of the bones, the disappearance of 
the marrow tissue, and the question as to whether the marrow, histo- 
logically, IS in a noimal, “hypei plastic” or aplastic condition 

DESCRIPTION OF CASES 

Hen 344 (chart 1) — On the third day after the commencement of the adminis- 
tration twice daily of one-fourth phial ^ of liver extract by mouth, there was a 
slight rise of both the hemoglobin and red blood cell curves, which persisted for 
a short time The subsequent administration of one-fourth phial, mtrapentoneally, 
however, produced no effect It demonstrated, however, that the extract could 
with care be given intrapentoneally, without injurious local effect 

The marrow in this case was in a very aplastic condition — indeed, in the tibia 
it had entirely disappeared, leaving large fatty oily cavities filled with a clear 
fluid There was considerable sclerosis of the bones In all probability the 

3 Supplied b}’’ Eli Lilly & Company, Indianapolis 

4 Hyperplasia of the pernicious anemia type 

5 To avoid the repetition of this cumbersome phrase, future references will 
merely give the fraction and the phial and leave the rest to be understood The 
w-^ord phial refers to the receptacle m w'hich each dose is separately contained for 
human use 
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Chart 1 — Results in hen 344 



Chart 2 — Results in hen 350 
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degeneration of the marrow was responsible for the small and fleeting reaction 
obtained and for the ineffectiveness of the subsequent mtraperitoneal injections 
Hen 350 (chart 2) — This fowl showed an almost immediate and very con- 
siderable reaction to the administration of one-eighth phial orally Though this 
dose was continued, there was a marked fall in the curves m a few days This 
was followed by a rise on increasing the dose to one-fourth phial In its turn 
this was followed by a fall which persisted in spite of the dose being raised to 
one-half phial On January 25, the liver extract and the iron were stopped and the 
hemoglobin and red blood cell curves continued to fall On February 10, treat- 
ment was recommenced, this time with very small doses of the liver extract The 
most that can be said with regard to its effect on this occasion is that there was a 
slight rise in the hemoglobin curve while the red blood cell curve became more 
unstable and iriegular 
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On being killed on February 26, the fowl was found to be suffering from 
marked ascites This in all likelihood was responsible for some of the increased 
weight observed There was a fair amount of sclerosis of the bones, with a 
reduction in the quantity of marrow The marrow itself was hyperplastic in tj'pe 
Hen 353 (chart 3) — In this case there was a very slight and doubtful 
response in the hemoglobin and red blood cell curves, which began with the 
administration of one-eighth phial The bones were considerably sclerosed and 
the marrow was in the same aplastic and degenerated condition as in hen 344 
Hen 358 (chart 4) —In this case the first definite rise in the red blood cell 
and hemoglobin curves occurred on the administration of one-fourth phial by 
mouth This was followed by a more definite rise when one-half phial was given 
Later both curves sank considerably, eien though the dose had been raised to 1 
phial 

The hen died on March 24 It was greatly emaciated, and considerable ascites 
was present There was quite definite sclerosis of the bones with reduction of the 
quantity of marrow The marrow itself was in a hyperplastic condition 
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Hen 361 (chart S) — In this case the red blood cell and hemoglobin curve 
commenced to rise on the administration of one-thirty-second phial This upward 
tendency increased and reached its height on March 5 during the administration 
of one-half phial Shortly after this, on March 9, the curves began to fall and 
continued to do so although the dose administered was now 1 phial The dosing 
was stopped on March 15, when the fall became accelerated 

The fowd w'as killed on April 4 There was marked old sclerosis of the bones 
with a great reduction in the quantity of the marrow The marrow itself W'as 




Chart 5 — Results m hen 361 


of a hjperplastic tjpe This fowd was fat and muscular and show'ed no edema 
or ascites 

Hen 362 (chart 6) — Here there was a small ephemeral rise in both curves 
subsequent to the administration of one-half phial by mouth This was followed 
bi a fall which persisted even though the dosage was increased to 1 phial 

The fowd was killed on April 2 It w^as muscular and fat and without ascites 
There was very great sclerosis of the bones with reduction of the quantity of 
marrow The marrow' itself was in a state of great aplasia, consisting as it did 
for the most part of fat cells only This would account for the lack of response 
in the blood curve 
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Hen 363 (chart 7) — Here there was no response, and the hen died in a few 
days In this case the bones were so sclerosed that there was practically no marrow 
left What was present was in a condition of advanced aplasia 

Hen 369 (chart 8) — In this case, too, there was no response to the adminis- 
tration of liver extract 
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The fowl was killed on April 7 The bones were in a condition of advanced 
sclerosis, and the marrow had practically disappeared Any that was left was in 
a condition of advanced aplasia 

Hen 371 (chart 9) — Here the first observation on the blood was made on 
May 31 An interval elapsed before the next one was made, and the adminis- 
tration of liver extract was commenced on June 22 It is possible that there was 
a slight response to the administration of one-fourth phial on June 23 and 24 
Thereafter there was no reaction in spite of increased dosage and the employment 
of another batch of the extract 
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The fowl was killed on Julj 8 There was considerable sclerosis of the bones 
and great reduction of the marrow, which showed marked aplasia 

Hen 377 (chart 10) — This fowl was kept under observation for a considerable 
period and subjected to varied treatments Liver extract, batch 04167 X 826071, 
m a dosage of one-half phial, would seem to have produced a slight response, 
which increased considerably when a whole phial was given A change to batch 



Chart 9 — ^Results in hen 371 


915012 X 816160 maintained the rise, but a fall, which had already commenced, 
persisted on changing back to batch 04167 X 826071, even at an increased dosage 
A change to ox liver now did not improve matters, but a marked though temporary 
swing up occurred on June 2 on the intraperitoneal injection of one-eighth phial, 
and again on June 9 on the injection of one-fourth phial All treatment was 
stopped for a w'hile, but on June 30 and again on July 9 the curves were caused 
to mote up by the intraperitoneal imection of one-fortieth and one-fifth phial, no 
iron being administered on this occasion The batch employed here was 4 F8 
X 842599 
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The hen was killed on July 14 There was a considerable accumulation of 
brown material, possibly inspissated liver extract and necrotic cells, m the 
peritoneal cavity but no peritonitis The bones were considerably sclerosed and 
there was a marked reduction m the quantity of the marrow This, however, was 
of a hyperplastic type 



Chart 10 — Results m hen 377 


Hin 378 (chart 11) —This hen received treatment identical with that of 
heij,377 during the same period of time It gave, however, a much better response 
to treatment with liver extract at every stage of the experiment Attention need 
only be drawn to a few special points On April 21, an immediate response was 
obtained to the administration of one-fourth phial orally This rise was sustained 
through varying dosages up to May 16 The administration of ox liver now, at a 
time when the curves had fallen somewhat, caused a slight rise This was con- 
siderably increased on the intrapentoneal administration of increasing doses of 
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Iner extract beginning ivith one-eighth phial However, on June 13, a fall had 
set in before this treatment vas stopped (June 14) The fall continued till July 
7, when a rise in both curves commenced again on the intrapentoneal adminis- 
tration of Iner extract in increasing doses beginning with one-fortieth phial No 
iron was gnen on the last occasion, and the batch employed was 4 F8 X 842599 
The hen was found dead on July 19 The peritoneal cavity was greatly dis- 
tended with brown material as in hen 377 There was considerable sclerosis of the 
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bones, with reduction of the quantity of marrow This was of a hyperplastic 
type 

Hen 379 (chart 12 ) — ^This hen was tested with batches 04167 X 826071 and 
915012 X 816160 by mouth with the addition of iron A response was obtained 
with one-fourth phial of the first batch, this increased somewhat on increasing 
doses and W’as not altered b} changing to the second batch 

This fowl was killed on Maj 7 The bones were found to be so sclerosed that 
there was hardlj any marrow left What remained was m a very aplastic con- 
dition 
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Hen 384 (chart 13) — Liver was given in the first instance in this case, 
followed by liver extract This was done in an attempt to gage the potency 
of the one as compared with the other Little deduction, however, can be drawn 
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Chart 12 — Results in hen 379 



Chart 13 — Results in hen 384 


from the first part of the curves except that a rise of an irregular type, initiated 
by the liver, was maintained in a similar irregular fashion by the administration 
of liver extract This was followed by a fall which persisted after stoppage of 
treatment on June 14 On July 7, liver extract was injected intrapentoneally with- 
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out the accompanying administration of iron by mouth , one-fortieth phial at once 
gave a marked response which persisted for a few days but subsequently fell, 
e\en although much larger doses of liver extract were administered 

The hen died on July 19 The peritoneal cavity was filled with the same 
brown material as in hens 377 and 378 The bones were markedly sclerosed and 
the marrow greatlj diminished in quantity The marrow was of a hyperplastic 
t>pe 

Before the next series of observations was commenced, a summing 
up of the situation had been undertaken It was recognized that, for 
some reason or other, as judged by the amount of liver extract nec- 
essary, the admmistiation of this extract by mouth was much less 
efficacious m^ the fowl than m the human being Intraperitoneal 
injectuon of a preliminary type had been resorted to with considerably 
better results Such results, however, had been obtained in cases in 
which iron had been simultaneously administered by mouth In a pre- 
vious paper ^ it had been found that iron of itself was of no avail in 
ameliorating the disease The results obtained in the present series 
of observations, in which the standard dose of iron was continued for 
long periods in conjunction with subeffective doses of liver extract 
without any rise m the curves, add confirmation to this observation 
In the experiments heretofore the administration of iron had been con- 
tinued as a routine on the chance that the possible absence of hemo- 
globin-forming materials might be a limiting factor in betterment of 
the blood and marrow condition, which the iron would help to rectify 

It was now decided to cease the administration of iron and to test 
the effect on the blood curves of injections mtraperitoneally of the liver 
extract alone It so happened, however, that the two first cases that 
occurred were of an identical and peculiarly interesting type One of 
them was therefore employed as a bridging case to the new scheme, 
and this fowl (hen 387) was in consequence given iron orally 

The periods of the lives of fowls 377, 378 and 384 dealt with in 
the terminal portions of the respective charts (nos 10, 11 and 13) are 
not included m this section, as these have to deal with the results of 
intraperitoneal injection of liver extract, without the conjoined admin- 
istration of iron by mouth It will be noted that in each there is a 
response in the curves to the dosage of one-fortieth phial 

Hen 387 (chart 14) — The administration mtraperitoneally of one-fortieth 
phial of liver extract caused a rapid and extensive rise in the hemoglobin and red 
blood cell curves, which persisted under daily administration until the fowl was 
killed, on June 29 

The outstanding feature in this case is that the bones showed little or no 
sclerosis and consequently very slight diminution in the quantity of marrow The 
marrow itself was hyperplastic in type In addition, and as a characteristic 
feature, examination of the blood before treatment showed the presence of very 
large numbers of hemoc^ toblasts, plasma cell erythroblasts and erythroblasts 
These observations indicated a ver 3 ^ reactive condition of the marrow and almost 
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certainly are the explanation of the rapid and marked response shown in the chart 
As the hemoglobin percentage and the number of red blood cells increased, there 
was a gradual disappearance of these immature cells until finally the cytology of the 
blood became practically normal 

Hen 389 (chart 15) — This case is almost identical with the last one, hen 387 
There was, however, no administration of iron As in hen 387, a marked reaction 



Chart 14 — Results in hen 387 



Chart 15 — Results m hen 389 

m both curves was obtained on the administration of one-fortieth phial of liver 
extract and on its continuance After a time, on July 3, the effect began to wane 
and continued to do so, very little betterment being affected by increasing the 
dose to one-twentieth phial The hen died on July 10 The immediate cause of 
death was a large hemorrhage from the liver The postmortem observations and 
condition of the blood were exactly as described for hen 387 

Both cases would appear to be early ones, in contrast to the majority 
which were under observation In them the marrow was in a very 
reactive and lesponsive condition and had not suftered much reduction 
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in quantit}'- Hen 317, discussed in a previous communication,^ behaved 
similarly on the oral administration of liver extract and observations 
on its blood before treatment were of exactly the same nature Such 
cases would appear to be ideal for the purpose of standardization of 
liver extract, but unfortunately their occurrence is the exception rather 
than the rule 

Hen 388 (chart 16) — Owing to the occurrence of holidays and to the fact that 
this fowl’s blood was not considered to be in a sufficiently poor state for testing 
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Chart 16 — Results in hen 388 



Chart 17 — Results in hen 395 


purposes, liver extract was not administered during the period covered by the 
first half of the chart Observations on the blood were, however, made at 
intervals When given, the liver extract was injected intrapentoneally without 
the accompaniment of iron There is a definite response shown in the curves to 
the administration of one-fortieth phial The reaction, however, is small and 
fleeting 

On postmortem examination the bones were found to be practically completely 
sclerosed, and marrow almost nonexistent Any marrow that was present was in 
an aplastic state 

Hen 395 (chart 17) — Lner extract was administered intrapentoneally but 
no iron was given A response occurred in both curves to a dose of one-thirty- 
second phial, and the rise continued with increasing dosage 
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The hen was killed on July 29 The bones were markedly sclerosed and the 
marrow diminished in quantity The marrow itself was in a hyperplastic state 

Hen 396 (chart 18) — The dosing was as in the previous case A response 
occurred in both curves to a dose of one-thirty-second phial, and the rise was 
marked and progressive 

The fowl was killed on July 29 There was very little sclerosis of the bones, 
and the marrow was not much diminished in quality It was in a hyperplastic 
state 

In this case there was exhibited, following the administration of liver, a 
marked rise m the number of hemacytoblasts, erythroblastic plasma cells and 
erythroblasts in the circulating blood This condition reached its height about 
July 23 Thereafter the numbers diminished and the blood became practically 
normal cytologically At the same time the hemoglobin and red blood cells 
increased 
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Chart 18 — Results in hen 396 


This phenomenon occurred to some extent in all the cases on the 
administration of liver extract It is only, however, in cases with a 
reactive mariow that it reached proportions of sufficient dimensions 
to be correctly gaged Owing to this limitation it cannot be used, like 
the analogous reticulocytosis in cases of human pernicious anemia, as 
an index for testing the potency of liver extract 

Hen 405 (chart 19) — The same dosing was employed as previously A 
response occurred in both curves to a dose of one-fortieth phial, increasing there- 
after with increasing dosage Owing to some factor it was found impossible for 
a period to count the red blood cells, due to the rapidity with which the blood 
coagulated The same phenomenon had been observed previously in an occasional 
fowl with pernicious anemia 

The hen was killed on October 27 There was considerable sclerosis of the 
bones and diminution of the bone marrow The marrow itself was hyperplastic 

Although not specifically stated previously, every case dealt with 
here exhibited the postmortem appearances typical of primary or per- 
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nicious anemia of the fowl In addition, several cases — especially 
among those in which liver extract had been given intraperitoneally 
for some time — showed considerable myelocytic proliferation in the 
periportal spaces of the liver In some instances it reached a degree 
recalling the condition leukanemia In quite a proportion of cases, too, 
the liver was studded all over with minute punctiform hemorrhages 
These were found in great part to surround small periportal prolifera- 
tions of myelocytes Their significance is not understood Under the 
conditions of their origin the administration of liver extract would 
appear to have something to do with their causation In cases m which 
large doses of liver extract had been given intraperitoneally for long 
periods there was often an accumulation of turbid brown fluid con- 
taining inspissated brownish flakes in the peritoneal cavity The brown 
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Chart 19 — Results in hen 405 


substance consisted in great part of necrosed cellular remains It was 
striking, however, how rarely anything of the nature of an acute -peri- 
tonitis occurred ^¥hen small doses were given for short periods, the 
peritoneal cavity was completely normal m appearance 

A survey of the cases described brings to view the fact that in 
practically none of the cases (cases 387, 389 and 396 are possible 
exceptions) did the hemoglobin percentage and number of red blood 
cells rise to normal on the administration of liver extract It will be 
observed further that, after a preliminary rise to a maximum, there 
was in every case a subsequent marked fall, even although liver extract 
in increasing quantities continued to be given Again, as it happened, 
many of the fowls died, and without doubt all would have done so m 
the long run, for a case of permanent recovery m this condition has 
never been observed 
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In a previous paper/ reasons were suggested in the individual cases 
for the deaths of the expeiiniental fowls even after they had been con- 
siderably benefited by the liver extract It is now recognized that, while 
the reasons adduced on such occasions may have been of a contributory 
nature, without doubt the essential cause lies in the inherent pernicious- 
ness of the condition 

Pernicious anemia in fowls would seem to be, in every respect, a 
much more malignant and intractable condition than the corresponding 
disease m human beings Its occurrence m fowls is also much gi eater, 
being 111 the neighborhood of 3 per cent per annum as compared with 
0 005 per cent ® m human beings 

The case histones given make it evident that the less bone sclerosis 
and the larger the amount of hyperplastic marrow present, the greater 
and more sustained is the improvement m the circulating blood 
Furthermore, the cases so far observed show that the circulating 
blood gives evidence of a response on the part of the marrow to liver 
extract of a remarkably constant nature Thus, the rise of the curves 
for the same extract m different fowls commenced with the same 
dosage, irrespective of the condition and amount of the marrow, pro- 
vided only that it was m a hyperplastic state and not aplastic 

The changes occurring m the cytology of the circulating blood m 
relation to the amount and condition of the marrow have already been 
described The resemblance of these phenomena to the reticulocytosis 
following the exhibition of liver extract in cases of human pernicious 
anemia has also been alluded to, and the difficulty of using them as an 
index for purposes of standardization has been referred to Such 
observations and conclusions, ariived at some time ago, are supported 
by the recently published views of Riddle ^ on the relationship of liver 
feeding to reticulocytosis He concluded, much as has been done m the 
present case, that the magnitude of the reticulocyte response is governed 
directly by the extent of hyperplasia of the bone marrow during relapse, 
and the rate of the reticulocyte response directly by the dosage of the 
active principle m liver 

These more or less preliminary points having been discussed, one 
may now turn to a consideration of the bearing of the observations on 
the institution of a method for determining the potency of liver extracts 
In the light of later developments, the observations on liver extract, by 
feeding, may be now regarded as being of a preparatory nature and 
not worthy of discussion at any length A point, however, may be 
singled out for notice The minimum dose of the extiact capable of 
eliciting a response when given to the diseased fowl by mouth would 
appear to be in the neighborhood of fiom one-fourth to one-half phial 

6 McGowan Bnt M J 2 204, 1930 

7 Riddle, M C Pernicious Anemia, Arch Int Med 46 417 (Sept ) 1930 
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daily Proportionately, therefore, to the dose required in man,® this is 
very large As the extract, as will be discussed immediately, shows 
itself to be very active when injected mtraperitoneally, it seems prob- 
able that the explanation of its weak action when given by mouth is 
that it IS not easily absorbed ® from the intestine of the fowl 

In discussing now the experiments with intraperitoneal inoculation, 
as the cases in which iron was administered in addition to the liver 
extract do not differ materially from those in which liver extract was 
used alone, there appears to be no need for considering them separately 
A survey of the results, therefore, would seem to show that, in this 
case, the minimum dose of liver extracts potent in human cases (batches 
of liver extract 343, alread}'^ mentioned) and capable of eliciting a 
response in the diseased fowl may be as low as (and may possibly 
be lower than) one-twentieth phial per day for white leghorn fowls 
of about 1,500 Gm in weight, under the conditions already specified as 
regards environment, food, dosage, etq, This figure, however, must 
be regarded as only a rough and approximate one, regard being had to 
the stage of the investigation and to the essential and specific nature 
of the disease It would seem best at present, moreover, to leave the 
results in this rough manner rather than to attempt to express them 
in the form of a possible fowl unit An increased number of observa- 
tions and improved technic will doubtless supply more accurate results 
That, however, the accuracy obtained thus will not be available for the 
establishing of a unit such as exists, say, for insulin seems probable, 
the essentially different circumstances of the two cases being consid- 
ered The problem is also complicated m anotlier way, for there are 
no figures available for the potency of liver extract when injected intra- 
peritoneally or otherwise into human beings with pernicious anemia 
It IS possible, however, that liver extract may be completely absorbed 
from the intestinal tract in human cases Under such circumstances, 
comparison m regard to the efficacy of liver extract in human and fowl 
conditions vill be possible Lilty’s liver extract is supplied in phials 
containing 4 5 Gm For a human being weighing, say, 140 pounds 
(63 5 Kg ), the recognized daily dose is about 3 phials or 13 5 Gm 
The amount, therefore, of liver extract required per fourteen pounds 
of body V eight would be 1 35 Gm For a fowl, the corresponding 
figure, based on the present results, would be 0 875 Gm When one 
consideis that the 14 pounds and 3 phials are somewhat rough 
and arbitrary measurements, there is some justification, possibly slight, 
for considering the results obtained m the fowl and human being as 
being of the same order of magnitude 


8 The dose recommended and generalb' used in human cases is 3 phials per 
da} 

9 It ma} possibly be destro}ed in the intestine of the fowl 
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The present mode of estimation takes no cognizance of the possi- 
bility that the response to the reactive dosage may be due to a cumu- 
lative effect of the previous subactive doses Such a storage effect has 
been shown to exist m human beings by Cohn, McMeekm and Minot 
It IS not easy to see how a method could be devised to get round this 
difficulty, which after all is not of real importance, all the circumstances 
considered 

The important question of the method of obtaining diseased buds 
for observational purposes now arises for discussion In the present 
instance the experimental fowls were obtained as cases occurring spo- 
ladically m the ordinary course of events in an ordinary commercial 
flock In this case the incidence of the disease has been such that 
during the last three years 65 cases have occuired m an annual popu- 
lation of 800 fowls under 2 years of age This is equivalent to about 
2 7 per cent, or roughly 3 per cent, a figure which has already been 
employed For many purposes this may be too infrequent an occur- 
lence, and the question arises whether the number of cases cannot be 
augmented 

It seems practically certain that the great majority of cases of per- 
nicious anemia in the fowl are caused by infestation by the tapeworm, 
Davainea proglottim It would be possible, therefore, to procure speci- 
mens by the feeding of fowls artificially with garden slugs, which act 
as the intermediate host and bearers of the cysticercoids of this tape- 
worm Such experimental infestation has been carried out by Sawyer 
and Hamilton,^^ among others This proceeding, however, would involve 
considerable labor and — as only a fraction of the fowls infected with 
Davainea pioglottina develop the anemia — much disappointment It 
would seem prefeiable, therefore, to employ some scheme based on 
what IS known of the natural occurrence of this parasitic infection 
The following would seem to meet the case If fowls known to be 
hosts of Davainea p) oglottma were made to live with garden slugs m a 
confined area of a nature suitable (as regards the presence of vegeta- 
tion, dampness, stones for protection, etc ) for the ^multiplication, 
development, etc , of the garden slug, this would seem to provide 
opportunities for -intensified infestation Under such circumstances, 
one would expect an increased supply of suitable cases of anemia 

CONCLUSIONS 

A method for the quantitative determination of the potency of 
liver extracts by means of fowls suffering from pernicious anemia is 
described 

10 Cohn, McMeekm and Minot J Biol Chem 87 ix, 1930 

11 Sawyer and Hamilton West Washington Station Bull 10- W, 1928, p 43 
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In substance, it consists of the injection intraperitoneally, twice 
daily over a period of time, of increasing small doses of the extract^ 
until a dose is reached at \\ Inch a “response” is obtained 

The response consists in a sharply appearing and definite increase 
in the hemoglobin percentage and number of red blood cells 

This response for the same sample of extract appears to be obtained 
at the same dosage, whatever the state of the marrow is, provided it is 
m a condition of hyperplasia and has not become aplastic 

The response dose for fowls under the conditions specified m the 
text is m the neighborhood of one-twentieth phial or 0 225 Gm per 
day of the extracts employed 

A method is suggested for the procuring of a more abundant supply 
of experimental cases 

Dr Clowes, director of the Eh Lilly Laboratories, furnished me with supplies 
of liver extract Dr Marion B Richards prepared photographs and Mr 
Archibald Macdonald, M A , B Sc , supplied me with experimental fowls 



ALBUMINURIA IN COLLEGE MEN >- 


H S DIEHL, MD 

AND 

C A McKINLAY, MD 

MINNEAPOLIS 

Every practicing physician has obseived that albuminuria may occui 
in certain persons who in other lespects seem perfectly normal Con- 
cerning the significance and the frequence of this finding, many and 
diverse opinions have been expressed in a voluminous literature on the 
subject Writeis have described different types of albuminuiia and 
have assigned to them such names as adolescent, orthostatic, postural, 
lordotic and cyclic These terms doubtless were intended to be qualify- 
ing, descriptive and helpful, but their multiplication has seemed to com- 
plicate rather than to clarify the problem 

Of these descriptive terms the one most widely used is orthostatic 
albuminuria, a name suggested by Teissier,^ who in 1899 commented on 
the relation of changes in posture to the appearance and disappearance 
of albumin in the urine of certain persons In 1910, Jehle ^ published 
his monograph on this condition and suggested the further qualifying 
term of lordotic albuminuria Many writers before and since that time 
have observed that other conditions, such as muscular exertion, emo- 
tional disturbances, increased body temperature, malnutrition, certain 
drugs, etc , also may produce albuminuria in healthy persons and in 
experimental animals (Goetsky,® Lewison, Freilich and Ragins 
Although the relationship of albuminuria to the erect, or orthostatic, 
position in certain cases and to lordotic posture in others has been defi- 
nitely established, many persons with albuminuria show no evidence of 
lordosis, and many definitely crippled children do not show any higher 
percentage of albuminuria than children without lordosis Furthermore, 
the difference in significance between these postural albuminurias and 

' Submitted for publication, March 19, 1931 

^ From the Student’s Health Service, University of Minnesota 

* A preliminary report of this study was presented in the Kidney Symposium 
at the University of Minnesota in July, 1930, and is being published with the pro- 
ceedings of this symposium 

1 Teissier, J L Albuminurie de la station debout, albuminurie ortho- 
statiques, Semame med 19 425, 1899 

2 Jehle, B Die lordatische Albuminuria, Berlin, Julius Springer, 1914 

3 Goetsky, F K H Zur Kenntnis der arthotischen Albuminuria, Diss , 
Berlin, 1910 

4 Lewison, M , Freihch, E B , and Ragms, O B Lordosis as a Cause of 
Postural Albuminuria, Arch Int Med 42 440 (Sept ) 1928 
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those that occur m other persons as a result of moderate exeicise oi 
emotional excitement or for no apparent cause is not clear Hence m 
this report the use of the usual terms descriptive of types of albuminuria 
has been avoided 

This study of albuminuria in healthy young men is based on an 
analj'^sis of the records of the physical examinations of 20,000 young 
men who entered the University of Minnesota as students between 1921 
and 1930 In testing for albumin in the urine, the nitric acid test was 
used throughout, the reagent and the urine being layered in the test tube 
by means of a pipet 

INCIDENCE OF ALBUMINURIA 

In this group of 20,000 young men, 1,065, or 5 32 per cent, were 
found to have albumin in the urine on the first examination, the amount 
of albumin varying from a trace, or one plus, m 79 per cent to a heavy 
cloud, three or four plus, m 6 per cent Accurate compaiison between 
these percentages and those reported by others is hardly possible, because 
the reagents that are used in performing tests for albumin differ in their 
ability to detect minimal amounts Hill ® reported that 27 5 per cent of 
417 men in a citizens’ training camp showed albumin on a single exam- 
ination when heat and acetic acid or sulphosahcylic acid were used, 
while only 3 3 per cent showed albumin when nitric acid was used 
Furthermore, the observed incidence of albuminuria in most groups 
would be increased if several specimens of urine instead of a single 
specimen were examined For example, last year at the University of 
Minnesota the health examinations showed albuminuria in 93 upper 
classmen , of this number 22 per cent had had albuminuria at the time 
of their entrance examinations, while 78 per cent had been free from 
albumin m the urine at this time In general, however, the reported 
incidence of albuminuria as shown by the nitric acid ring test performed 
on a single specimen of urine varies from 3 to 16 per cent, with from 
5 to 7 per cent being the most common 

Reexamination of Students with Albuminuria — Of these 1,065 
students who showed albuminuria at the time of the entrance examina- 
tion, 606 were reexamined by the Student’s Health Service Most of 
the others elected to go to private physicians for further study, while 
some dropped out of the university before the reexamination was made 
It was the intention of the department to examine several specimens of 
unne, collected in the morning and in the evening, from each student 
who had shown albumin on the first examination, and m most cases this 
was done, a few students, however, failed to present additional speci- 
mens of urine for examination after having received one negative report 
The results of these subsequent examinations are shown in table 1 


5 Hill, L C Febrile Albuminuria, Quart J Med 22 305 (Jan ) 1929 
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As will be seen from table 1, two thuds of the students who showed 
albuminuria at the time of the entrance examinations subsequently failed 
to show this condition , this is the group with so-called transitory albu- 
minuria Thu teen per cent had occasional albuminuria, most specimens 
being free from albumin, but more than one showing it Twelve pei 
cent had persistent albuminuria, all or nearly all specimens being positive 
for albumin, but without other evidences, at least convincing ones, of 
lenal damage Six and one-half per cent showed evidences of what 
was probably kidney disease In this group with so-called “probably 
kidney disease” were placed those students who showed rather definite 
evidence of renal damage, as indicated by a considerable number or a 

Table 1 — Reclassification of Group with Albuininm la, Six’ Hundied and Six 

Students Reexamined 


Percentage of Percentage of 

Original Albuminuric Total Student Bod> 


Group 

Group 

(Calculated) 

Transitory albuminuria 

66 2 

36 

Occasional albuminuria 

13 09 

07 

Persistent albuminuria 

118 

06 

Probably kidney disease 

65 

03 


Table 2 — Quantity of Albumin in Relation to Its Persistence 


Percentage of Pinal Classification 

A __ _ 

Occasional or 


Quantity of Albumin on Pirst Examination 

Transitory 

Albuminuria 

Persistent 

Albuminuria 

Kidney 

Disease 

Trace or 4- 

74 6 

25 2 

21 

++ 

52 9 

36 8 

10 3 

+ + + 

47 6 

52 4 

00 

++++ 

63 

75 0 

18 7 


peisistence of leukocytes or blood cells or both m the sediment, the 
piesence of a significant numbei of casts, a fixation of the specific gia\- 
ity, inability on the pait of the kidney to concentrate the urine or a 
diminished excietion of phenolsulphonphthalein Most of the students 
in this group were studied by members of the Student’s Health Service 
staff, but certain ones were under the care of private physicians, whose 
diagnoses of nephritis were accepted for this study 

The reclassification here used, of course, is an arbitrary one and only 
lelatively accurate, for if a larger number of specimens had been exam- 
ined, certain cases undoubtedly would have fallen into groups other than 
the ones in which they are now placed The calculated percentages of 
the several classes of albuminuria show that m the student body as a 
whole albummuiia, except that which is transitory, is of infrequent 
occurrence 
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PERSISTENCE OP ALBUMIN IN THE URINE 

In this series there is a distinct relationship, as shown in table 2, 
between the amount of albumin reported on the first examination and 
Its persistence on subsequent examinations, approximately three quar- 
ters of the students whose urines on entrance showed amounts of albu- 
min reported as a trace or one plus later weie classified as having 
transitory albuminuria, while only 6 per cent of those who had a four 
plus grade of albuminuiia on the first examination were later free from 
albumin 

FACTORS RELATED TO THE OCCURRENCE OF ALBUMINURIA 

As there is still considerable lack of information regarding the cause, 
the significance and the relationships of albuminuria in healthy persons, 
an analysis of certain physiologic data recorded for students with and 
without albuminuria has been made For purposes of comparison in 
making this analysis, the following groups were set up 

1 The normal or control group, consisting of students in whose urines no 
albumin was discovered at the time of the entrance physical examination Except 
for the last two years of the study, each one of the students m the control group 
^\as examined just before or just after a student with albuminuria During the 
last two jears the entire group of normals served as controls, but m computing 
the final percentages the results uere weighed so as to have the same relation to 
the number of cases in the earlier years as obtained for the groups with 
albuminuria 

2 The group with transitory albuminuria, consisting of those students whose 
original examinations showed albuminuria, but whose urines on subsequent 
examinations uere always free from albumin 

3 The group with persistent or occasional albuminuria, consisting of those 
students who were found on several occasions to have albuminuria and yet showed 
no definite evidence of kidney disease 

4 The group with kidney disease, previously described Although an effort 
was made to exclude those whose cases were essentially vascular, the group prob- 
ablj' includes students with various types of renal damage 

A.ge — As shown in chart 1, the proportion of students who show 
albummuna decreases progressively with age Calvin, Isaacs and 
Meyer,® quoting Lauener, reported an increase in the incidence of albu- 
minuria from childhood up to the age of 16 years From this peak, 
which apparently occurs in the teens, there is a rapid decline in the 
incidence of the condition with advancing years to the group 30 years 
of age and over The work of Sydenstncker and Britten shows that 

6 Calvin, J K , Isaacs, Bertha L, and Meyer, Jacob Albuminuria m Chil- 
dren, J A M A 86 182 (June 12) 1926 

7 Sydenstncker, Edgar, and Britten, R H The Physical Impairments of 
Adult Life General Results of a Statistical Studi'- of Medical Examinations by 
the Life Extension Institute of 100,924 White Male Life Insurance Policy Holders 
Since 1921, Am J Hyg 11 73 (Jan ) 1930 
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after the age of 40 an increase in the incidence of albuminuria again 
occurs, being progressive with age up to 70 and over 

Weight-Height- Age Peixentage (chart 2) — The weight-height-age 
peicentage here used repiesents the lelationship of the individual stu- 
dent’s weight to the standard, or average, weight for his age and height, 
as given in the medico-actuarial tables The greatei incidence of albu- 
minuria among students of lighter weights is clearly shown in chart 2 
The gi eater propoition of underweight students in the groups having 
the moie persistent types of albuminuria and the smallei piopoition of 



dep to to and 
£0 24 29 over 


be in 
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Chart 1 — Albuminuria and age 


ovei weight students in those groups are evidence of the close lelation- 
ship of body build not only to the occurrence, but also to the persistence, 
of albumin in the urine 

Pulse Rate — It is frequently stated that many persons who show 
albuminuria tend to be of a so-called high-strung, neuiotic temperament 
The striking increase in the incidence of albuminuria from 0 7 per cent 
m the students with pulse rates below 60 per minute to 18 per cent in 
those with pulse rates of 120 or over per minute lends remarkable sup- 
port to this view There is, however, no clear relationship between the 
pulse rate and the persistence of albumin m the urine In fact, the 
groups with kidney disease and with persistent albuminuria show more 
uniform pulse rates than even the noimal group 

Systolic Blood Pressui e — The percentage incidence of albuminuria 
IS surprisingly uniform at the various levels of systolic blood pressure 
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(chart 4 ) There is also no tendency for hypei tension to appear in 
any of the albuminuric groups except the group with kidney disease 
Diastolic' 'Blood Piessme — ^Vith the diastolic pressure, as with 
the systolic, there is no relationship between the level of the pressure 
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Chart 2 — Albuminuria and weight A, incidence of albuminuria m various 
weight groups, B, underweights in the normal group and the several albuminuric 
groups, C, overweights in the normal group and the several albuminuric groups 
In A, the standards used for weight, according to age and height, were taken 
from the medico-actuarial tables in general use 
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Chart 3 Albuminuria and pulse rate A, incidence of albuminuria in various 
pulse rate groups, B, rapid pulse rates in the normal group and the several 
albuminuric groups , C, slow pulse rates in the normal group and the several 
albuminuric groups 


and the incidence of albuminuria (chart 5 ) The increase of diastolic 
piessure in the group with kidney disease corresponds to the increase m 
systolic pressure The progressively greater proportion of low diastolic 
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pressures in the seveial albuminuric groups suggests a relationship 
between albuminuria and the tonus of the circulatory system 

Scarlet Fever — Past histones of those diseases thought most likely 
to be related to renal damage were compared for the normal group and 
the albuminuric groups Scarlet fever (chart 6) had occuired with 
only a slightly greater frequency m the group with albuminuria than in 
the group without albuminuria A greater percentage of students with 
the more persistent types of albuminuria gave histones of having had 
scarlet fever, but the differences between the gioups were not suffi- 
ciently great to be statistically significant 
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Chart 4 — Albuminuria and systolic blood pressure A, incidence of albuminuria 
in various blood pressure groups , B, high systolic pressures m the normal group 
and the various albuminuric groups, C, low systolic pressures in the normal group 
and the several albuminuric groups 


Diphthena — Since diphtheiia may cause a nephrosis, the incidence 
of diphtheria in the several albuminuric groups is compared in chart 6, 
but no lelationship between these conditions is apparent 

RheumaHsm — Although a history of rheumatism without further 
qualification Is inexact, the term rheumatism has been used for compara- 
tive purposes as indicative of rheumatic fever, absorption from a focus 
of infection or some similar condition Although the history of this 
condition was given infrequently (chart 6), the incidence is greatei in 
the gioup with albuminuria and there is a stephke increase in the inci- 
dence of rheumatism from the gioup with no albuminuiia to those with 
transient and persistent albuminuria and renal damage This relation- 
ship, although not frequently emphasized, is not surprising m view of 
the etiologic relationship between glomerular nephritis and rheumatic 
conditions 
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Colds — The entrance physical examination blank contains a question 
as to whether the student is subject to “frequent attacks of cold ” Since 
the term “fiequent attacks” is not accurately defined, there is a consid- 
erable possibility of inaccuracy in these leplies, but in a large group 
they probably are fairly satisfactory for comparative purposes As 
shown in chart 6, theie is a significantly greater incidence of “frequent 
colds” among the students who have albumin in the urine than among 
those in the control group There is also a distinct relationship between 
the peisistence of albumin in the urine and the history of frequent colds 
A possible reason for this relationship may be that many persons who 
aie subject to'repeated colds have chronic sinus infections with recurrent 
acute or subacute manifestations 


10 


C , 
O 

t4 

c2 


tr 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 


40 

50 

60 

TO 

60 

90 

100 

to 

to 

to 

to 

to 

to 

and 

49 

59 

69 

79 

69 

99 

OVCP 


Diastolic blood 

pressure. 





Hone Tmn Pcp- Kid- 


si- sisr nctj 
tottj ent dis 
Albuminuria cose 


Chart 5 — Albuminuria and diastolic blood pressure Aj incidence of albu- 


minuria in various blood pressure groups, B, high diastolic pressures in the 
normal group and the several albuminuric groups , C, low diastolic pressures in 
the normal group and the several albuminuric groups 


Tonsillitis — The replies to the question on the history blank as to 
“frequent attacks of tonsillitis” are subject to the same inaccuracies 
and limitations as pertain to those concerning colds The lack of 
relationship (chart 6) between albuminuria and a history of tonsillitis 
IS suipiising in \iew of clinical experience, but in this study it has 
been impossible to demonstiate any relationship 

Abnounal Tonsils — ^The examinations of the nose and throat on 
^^hlch these lecords concerning the tonsils are based were made by 
otolaryngologists Various terms were used by them to describe the 
conditions of the tonsils, but for the purpose of this analysis those 
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conditions that seemed to have pathologic significance weie giouped 
together and called “abnormal tonsils ” Chart 6 shows a slight rela- 
tionship, although not a very significant one, between normal tonsils 
and the occurrence of albumin in the urine There is, however, no 
relationship between the persistence of albumin and the condition of 
the tonsils This agrees with Ashburn’s ® observation on West Point 
cadets, which he interprets as indicating that m his series there was 
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Chart 6 — Albuminuria and past illnesses 


nothing, not even m the results of tonsillectomies, to indicate that 
tonsillar infection was a causative factor m albuminuria 

Family Histoiy of Kidney Disease — During the more recent years 
of this study, infoimation concerning the family histones of various 
diseases has been obtained This “family history” refers not only 

8 Ashburn, P AI An Epidemic of Albuminuria, J A M A 90 535 
(Feb 18) 1928 
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to the immediate family, but also to giandparents and to uncles and 
aunts One of the items about which inquiry is made in the family 
history is “kidney trouble ” An analysis of these histones (chart 6) 
shows that students with albuminuiia gave family histones of “kidney 
trouble” with distinctly and significantly greater frequency than the 
students who had no albuminuria There is also a distinct, although 
not so positive, relationship between the persistence of albumin in 
the urine and the family history of “kidney trouble ” This relationship 
between the family history of “kidney trouble” and albuminuria, 
although apparently quite definite for this group, might not be so strik- 
ing if it were possible to eliminate from the group said to have 
kidney disease those adults whose disease was primarily vascular How- 
ever, we have found a less definite relationship between the blood 
pressures of the students and family histones of hypertension than 
between albuminuria and family histones of kidney disease 

COMMENT 

The significance of albuminuria unassociated with other evidences 
of renal damage in young adults is an important question concerning 
which there is a distinct lack of agreement among physicians Some 
writers believe that all or nearly all of the cases of albuminuria are, 
or have been, associated with some renal damage Others believe 
that the condition is of little or no significance, and that in most persons 
albuminuria is consistent with the prospect of a perfectly normal life 
This study, while not answering the all-impoitant question as to the 
significance of albuminuria, shows certain interesting and significant 
relationships 

The slight statures, the lapid pulse rates, the lower diastolic blood 
piessures, the indications of a familial trait and even the greater sus- 
ceptibility to infections among the students with albuminuria suggest 
that what certain wi iters have called a “constitutional inferiority” may 
be related to albuminuria in this group In fact, aftei reviewing the 
evidence presented in the literature, Fishberg® concluded that “the 
constitutional factor is a very important one in determining the occur- 
rence of albuminuria ” 

The higher blood pressure, both systolic and diastolic, in the group 
with kidney disease is just what would be expected The slight, 
though hardl) significant, upward tendency of the blood pressures of 
the other albuminuric groups could be caused by the inclusion in these 
groups of either some students with early primary hypertension or 
some with early renal damage, not yet recognizable by our methods 
of examination 

9 Fishberg, A M Hypertension and Nephritis, Philadelphia Lea & Febiger, 
1930, p 235 
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As to possible contiibutoiy factors in the etiology of albuminuria, 
one finds a marked relationship between albuminuria, fiequent attacks 
of “colds” and a family history of kidney disease , and a slight, though 
definite, relationship between albuminuria and a history of rheumatism 
or of scarlet fever The possible interrelationship of these several 
conditions that seem related to albuminuria will be the subject of later 
investigation 

The definite stephke piogression in the incidence of several of 
these conditions fiom the groups without albuminuria through those 
with tiansient and persistent albummuiia to the ones with kidney 
disease strongly suggests that either theie are persons with umecogmzed 
nephritis in these gioups with tiansient, occasional and peisistent 
albuminuria, or there are some physical or physiologic peculiarities in 
certain peisons that tend toward the development of albuminuria and 
kidney disease In either case it is doubtless well to be conservative 
in one’s judgments as to the significance or lack of significance of 
occasional findings of albumin in the urine, even though with present 
methods one is unable to discover other evidences of lenal damage 

SUMMARY 

1 Of 20,000 male students at the University of Minnesota, 5 32 
per cent showed albumin m the uiine on the examination of a single 
specimen with the nitric acid ring test 

2 On leexamination m 606 cases of ^ albuminuria, 66 2 per cent 
showed albumin on only one examination , 13 1 per cent showed occa- 
sional albummuiia, 118 per cent showed persistent albuminuria, and 
6 5 per cent gave evidence of what was piobably kidney disease 

3 The calculated peicentage of the total group that showed per- 
sistent albuminuria and probably kidney disease is so small that even 
though theie may be some overlapping in the groups, it is evident 
that kidney disease is a raie condition in young adults 

4 No significant lelationships were found between albuminuria and 
systolic or diastolic blood pressuie, a histoiy of diphtheiia or of 
tonsillitis or tonsils that on examination appeared abnormal 

5 Definitely positive and apparently significant relationships exist 
between albummuiia and weight, pulse late, a histoiy of rheumatism, 
“frequent colds” and a family histoiy of kidney disease 



THE ACIDOSIS OF NEPHRITIS 


ITS CLINICAL SIGNIFICANCE ^ 

A P BRIGGS, MD 

ST LOUIS 

In various types of chronic nephritis there develops a disturbance 
of the inorganic metabolism that is dependent, in part at least, on 
impairment of renal function Sooner or later this disturbance is 
complicated to a variable degree by any or severS,! of such concomi- 
tant disturbances as loss of appetite, vomiting, albuminuria and edema 
On account of the discouraging number of variables encountered m 
clinical nephritis, Atchley and Benedict ^ studied the influence of obliter- 
ation of renal function in dogs by means of ligation of both ureters, 
they expressed the belief that they had produced the picture of uncom- 
plicated renal insufficiency 

The plan of the present contribution was to study the inorganic 
disturbance m cases of clinical nephritis in which complications were 
1 datively slight Observations were made over a period of three years 
during intervals when disturbing influences for the most part seemed 
negligible Appetite was not infrequently poor, but there was no 
vomiting except as stated Although albuminuria was present to a 
^arlable degree, the serum protein was maintained above 5 per cent, 
and edema, if present on the patient’s entrance to the hospital, had 
responded to treatment for an underlying cardiac disturbance 

CLINICAL MATERIAL 

The type of lenal disease in most of the cases studied was arterio- 
sclerotic nephritis, according to the classification of Addis ® The 
majority of the patients were middle aged or elderly persons with a his- 
tory of shortness of breath and swelling of the ankles or lower extremities 
appearing shortly before entrance to the hospital Examination m 
this group revealed hypertension, albuminuric retinitis and signs of 
heart failure With rest in bed and moderate doses of digitalis there 
were prompt symptomatic improvement and disappearance of edema 

Submitted for publication, March 16, 1931 

■’'From the Department of Internal Medicine, St Louis University School of 
Medicine 

1 Atchley, Dana W , and Benedict, Ethel M The Distribution of Electro- 
Ij'tes in Dogs Following Ligation of Both Ureters, J Biol Chem 73 1 (May) 
1927 

2 Addis, T The Renal Lesion in Bright’s Disease, Am J M Sc 176 617 
(Nov) 1928 
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The patient in case 66997 was nauseated and vomited occasionally 
on the day of entrance, influences of which are seen in the anahsis of 
serum obtained the following day He died a few days latei In 
case 67676 there had been some nausea and vomiting associated vith 
an infection of the upper respiratory tract a few days befoie blood 
was taken for analysis 

In cases 67156 and 68497 the patients were younger persons with 
high blood pressure and similarly advanced renal impairment The 
foimer patient had marked thickening of palpable arteiies and advanced 
retinal sclerosis, the latter had no perceptible thickening of palpable 
arteries and only beginning retinal sclerosis These findings were of 
special interest in connection with the diiterence in the tolerance of 
the patients for mineral acid and the question of uremia In the latter 
case there was a questionable diagnosis of hemorrhagic nephritis on 
account of persistent slight hematuria 

Case 67643, that of a woman aged 22, was one of rapidly progress- 
ing malignant hypertension 

Case 65255 was one of subacute nephritis with hematuiia and slight 
edema 

METHODS 

Except during metabolism tests or when otherwise indicated, the subjects 
received the regular house diet 

Blood was taken for analysis about four hours after the morning meal From 
30 to 40 cc was drawn with minimal stasis into an oil-coated syringe, and dis- 
charged under oil into a 50 cc centrifuge tube The carbon dioxide content was 
determined promptly after centrifugation with an original Van Slj’^ke apparatus 
The serum was then removed with a pipet Duplicate samples of 1 cc each were 
measured into 50 cc pyrex beakers for determination of the total base , a 0 5 cc 
sample was transferred to a 50 cc volumetric flask for determination of protein 
nitrogen, 2 cc was saved for emergency, the rest was precipitated with trichlora- 
cetic acid for determination of phosphoric, sulphuric and hydrochloric acids and 
of nonprotein nitrogen In a few instances samples of serum were taken before 
exposure to air for colorimetric determination of pn Determinations of the various 
acids were not made in duplicate and were repeated onlj-- in case of accident or 
doubtful result 

Urine was collected m large stoppered bottles containing chloroform as a pre- 
servative 

Chemical Technic — The total fixed base was determined for serum by a technic 
essentially that of Stadie and Ross ^ It was observed that results were low if any 
appreciable amount of carbon remained after evaporating the digest to dryness, 
presumably because some sulphate was converted to oxide and part of this to 
silicate during the ignition, and also that numerous additions of nitric acid were 
required to obtain complete digestion when the procedure was carried out as 
directed by Stadie Accordingly, the following technic, ^^hlch gave good digestion 
and required little attention, was adopted To the sample of serum, 0 5 cc of 

3 Stadie, William C, and Ross, Effie C A Micro-lMethod for the Deter- 
mination of Base in Blood and Serum and Other Biological klaterials, J Biol 
Chem 65 735 (Oct) 1925 
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sulphuric acid and 10 cc of nitric acid were added , the beaker was covered with 
a watch glass, and the mixture was boiled gently for six hours The cover glass 
was then removed, the digest evaporated to dryness, and the determination com- 
pleted according to the Stadie technic Addition of potassium dihydrogen phosphate 
m quantities up to the equnalent of 0 1 mg of phosphorus to serum or to samples 
of solutions of known fixed base had no influence on the result Phosphorus was, 
therefore, not removed from serum, but the correction for base bound as meta- 
phosphate m the Ignited residue was calculated from the phosphate determination 
The value given for serum fixed base is the average of duplicate determinations 
that checked within 4 milhequivalents Fixed base in urine was determined by a 
similar technic after removal of phosphate with ferric iron Serum chloride, in 
the work on case 68497, was determined by the method of Wilson,^ and m the 
other cases by a similar titration on trichloracetic filtrate Chloride in urine was 
determined as m the Wilson method Sulphate m urine was determined by a 
benzidine titration as m the method of Fiske ® However, phosphate was removed 
by centrifugation after precipitation with calcium acetate, and the benzidine sulphate 
was likewise separated and washed by centrifugation Sulphate in trichloracetic 
filtrate was precipitated as in the method of Wakefield,® but the color used for 
comparison was that of Yoshimatsu ^ In my hands this color, developed with 
ammonia and iodine, has proved to be more intense and stable and more quickly 
developed than the color developed with peroxide and ferric iron which was used 
by Wakefield In the earlier part of this study, serum sulphate was determined 
by the method of Denis and Reed ® The phosphate in trichloracetic filtrate and 
urine was determined colorimetncally as in the Briggs method ® The reducing 
agent employed was a solution containing 1 per cent hydroqumone and 5 per cent 
sodium bisulphite For each 0 1 mg of phosphorus anticipated 1 cc of the reducing 
agent was added A valence of 1 8 was assumed for phosphate m both serum and 
urine as m the study of Gamble and his associates Serum base bound as 
bicarbonate was calculated by means of the factor 0423, used by Atchley and 
Benedict ^ The method used for the determination of sodium in urine was that 
of Kramer and Gittleman Ammonia m urine was determined by the permutit 

4 Wilson, D Wright, and Ball, Eric G A Study of the Estimation of 
Chloride m Blood and Serum, J Biol Chem 79 221 (Sept ) 1928 

5 Fiske, Cyrus H The Determination of Inorganic Sulfate, Total Sulfate, 
and Total Sulfur in Urine by the Benzidine Method, J Biol Chem 47 59 (June) 
1921 

6 Wakefield, E G The Colorimetric Determination of Total and Inorganic 
Sulfates in Blood Serum, Urine, and Other Body Fluids, J Biol Chem 81 713 
(March) 1929 

7 Yoshimatsu, S Colorimetric Methods for Determining Sulfate m Urine, 
Blood, and Milk, Tohoku J Exper Med 7 119 (April) 1926 

8 Denis, W , and Reed, Lucille Methods for the Determination of Some 
of the Non-Protein Sulfur Compounds of Blood, J Biol Chem 71 191 (Dec ) 
1926 

9 Briggs, A P A Modification of the Bell-Doisy Phosphate Method, J 
Biol Chem 53 13 (July) 1922 

10 Gamble, James L , Blackfan, Kenneth D , and Hamilton, Bengt A Study 
of the Diuretic Action of Acid Producing Salts, J Clin Investigation 1 359 
(April) 1925 

11 Kramer, Benjamin, and Gittleman, I An lodometric Method for the 
Determination of Sodium m Small Amounts of Serum, J Biol Chem 62 353 
(Dec) 1925 
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method of Fohn and Beilin Proximate pn determinations were made on urine 
as directed by Clark, and on serum by the method of Cullen Protein nitrogen 
in serum was determined colorimetncally, acacia being used for a protective 
colloid as suggested by Chiles Nonprotein nitrogen in trichloracetic filtrate 
was determined similarly The factor 2 36 was used as by Atchley and Benedict 
for calculating base bound by protein Creatinine in urine was determined by 
the Folin method 


SERUM ACID AND BASE 

The condition of the electi olytes, as shown in table 1, is seen to be 
almost similar to that observed by Atchley and Benedict^ m the eaidy 
stage of kidney block produced by ligation of both ureters The 
levels of phosphate and sulphate are elevated, and this change is 
approximately balanced by a drop in bicarbonate with no characteris- 
tic change in chloride The level of serum fixed base in these patients, 
however, is slightly lower than the average normal value which was 
unchanged by experimental kidney block m the study of Atchley and 
Benedict ^ 

Studies of unselected cases of clinical nephritis usually show wide 
fluctuations in the level of chloride, with low values more common than 
high Inspection of the tables and protocols of the studies of Bulger, 
Peters and their co-workers and Hartmann and Harrow and of 
those of the study of Atchley and Benedict,^® which has just appeared, 

12 Folm, Otto, and Bell, Richard D Applications of a New Reagent for 
the Separation of Ammonia I The Colorimetric Determination of Ammonia in 
Urine, J Biol Chem 29 329, 1917 

13 Clark, W Mansfield The Determination of Hydrogen Ions, ed 2, Balti- 
more, Williams & Wilkins, 1923 

14 Cullen, Glenn E The Colorimetric Determination of the Hydrogen Ion 
Concentration of Blood Plasma, J Biol Chem 52 501 (June) 1922 

15 Chiles, H M Direct Nesslerization of Kjeldahl Digestions, J Am Chem 
Soc 50 217, 1928 

16 Atchley, Dana W, and Benedict, Ethel M Serum Electrolyte Studies in 
Normal and Pathological Conditions Pneumonia, Renal Edema, Cardiac Edema, 
Uremic and Diabetic Acidosis, J Clin Investigation 9 265 (Oct) 1930 

17 Folm, Otto On the Determination of Creatinine and Creatine in Urine, 
J Biol Chem 17 *469, 1914 

18 Bulger, H A , Peters, John P , Eisenman, A J , and Lee, Carter Total 
Acid-Base Equilibrium of Plasma in Health and Disease VII Factors Causing 
Acidosis in Chronic Nephritis A Preliminary Report, J Clin Investigation 2 213 
(Feb ) 1926 Peters, John P , Wakeman, A Maurice , Eisenman, Anna J , and 
Lee, Carter Total Acid-Base Equilibrium of Plasma m Health and Disease X 
The Acidosis of Nephritis, ibid 6 517 (Feb ) 1929 

19 Hartmann, Alexis F , and Darrow, Dan C Chemical Changes Occurring 
in the Body as a Result of Certain Diseases m Infants and Children II Acute 
Hemorrhagic Nephritis, Subacute Nephritis, Severe Chronic Nephritis J Chn 
Investigation 6 127 (Aug ) 1928 
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Table 1 — Condition of EIcch olytes in Blood Serum in Nephi ifis* 


Difference 

Between 

Base 


Case and 







Pro 

Total 

Total 

and 



Date 

EPN 

pn 

HCOs 

POi 

SOi 

Cl 

tern 

Acid 

Base 

Acid 

EemarLs 


H P 62367 










41 



2/ 1/192S 

91 


181 

36 

30 

102 5 

14 8 

142 0 

1461 

High base diet 


2/11/1928 

89 


216 

38 

27 

100 0 

14 9 

142 9 

145 9 

30 

daily 

2/24/1928 

93 


20 3 

26 

37 

102 6 

14 4 

143 6 

148 5 

49 

CaOOa, 6 Gm 











since 2/11/1928 


L C 64392 













12/ 4/1928 

67 


19 9 

37 

16 

1041 

14 9 

144 2 

150 2 

60 

SrCOa, 6 Gm 


12/29/1928 

67 


22 7 

25 

1 0 

105 0 

14 9 

146 5 

150 0 

31 

dally 

1/19/1929 



20 3 

36 

22 

102 6 

15 3 

144 0 

147 3 

33 

since 12/4/1928 


2/ 4/1929 

72 


181 

56 

15 

100 0 

15 2 

140 4 

145 4 

50 

H 3 PO 4 test 


B J 64838 













2/26/1929 

105 


17 5 

44 

46 

104 8 

14 6 

145 9 

150 4 

45 



3/ 4/1929 

110 


18 6 

31 

43 

105 9 

14 6 

146 5 

150 7 

42 

CaCOs, 6 6m 

daily 











Since 2/26/1929 


3/ 9/1929 

125 


13 9 

58 

52 

102 5 

15 2 

142 6 

147 1 

45 

HsPOi test 


E S 65253 













5/27/1929 

52 


241 

26 

1 2 

102 5 

15 3 

145 7 

148 5 

28 



6/10/1929 



22 8 

24 

1 3 

105 0 

15 5 

147 0 

152 4 

54 



J V 66997 













2/20/1930 

121 


19 5 

50 

53 

98 0 

12 8 

140 6 

143 8 

32 

Recent vomiting 


M P 66998 













3/29/1930 

158 


14 8 

52 

66 

102 0 

14 3 

142 9 

1461 

32 



4/21/1930 

154 


18 6 

19 

36 

102 4 

16 2 

142 7 

147 5 

48 

SrCOs, 6 Gm 

dailj 











since 3/29/1930 


5/ 7/1930 

150 


18 6 

29 

40 

104 0 

13 6 

143 3 

148 6 

53 

High base diet 


E D 67024 













2/24/1930 

105 


17 6 

32 

34 

1041 

14 9 

143 2 

148 5 

53 



3/13/1930 

97 


22 2 

31 

29 

102 3 

13 6 

144 1 

147 8 

37 

High base diet 


3/16/1930 



141 

27 

72 

103 0 

14 7 

1417 

147 0 

53 

(NHi )2 SO 4 test 


4/ 1/1930 

100 


18 7 

42 

36 

102 3 

14 3 

1421 

147 5 

54 


J L 67156 













3/19/1930 

125 

7 36 

16 3 

4 4 

50 

102 3 

15 8 

143 8 

150 4 

66 



3/22/1930 

124 

7 24 

13 3 

70 

52 

102 0 

15 3 

142 7 

145 9 

32 

HsPOi test 


4/25/1930 

103 

7 38 

18 2 

28 

3 5 

106 8 

15 6 

146 9 

149 5 

26 

SrOOs, 6 Gm 
since 3/22/1930 

daily 

5/14/1930 

125 


17 4 

39 

47 

104 9 

15 2 

1461 

150 9 

48 


5/26/1930 

167 

7 28 

13 9 

48 

66 

108 2 

16 6 

1501 

154 7 

46 

Liver administration 

0/12/1930 

130 


161 

35 

57 

1041 

14 7 

1441 

148 9 

48 



D H 67506 













5/15/1930 

62 


18 6 

31 

1 2 

103 6 

16 8 

145 4 

148 7 

33 



0/ 3/1930 


7 40 

20 7 

31 

1 2 

105 0 

16 4 

1471 

150 7 

36 



6/18/1930 

59 

7 28 

161 

28 

5 0 

1071 

171 

148 0 

1516 

36 

{NH4)2 SOi test 


L S 67C43 













6/12/1930 

66 


22 8 

30 

20 

993 

15 7 

142 8 

1461 

33 

Recent vomiting 


J S 67676 













8/ 2/1930 

66 


21 4 

32 

12 

100 8 

13 8 

140 4 

146 6 

62 

Recent vomiting 


E M 67985 













8/13/1930 

52 


25 8 

2 5 

09 

104 0 

16 8 

150 0 

155 4 

54 



8/22/1930 



210 

25 

17 

105 8 

16 8 

148 8 

1518 

30 

(NH4)2 SO 4 test 


G P 68497 













10/ 9/1930 

119 

738 

20 2 

33 

48 

107 5 

15 6 

151 4 

153 8 

22 



10/15/1930 

121 

7 20 

14 5 

37 

92 

104 7 

18 3 

150 4 

154 0 

36 

(NH4)2 SO 4 test 


11/15/1930 

120 


19 9 

34 

46 

1012 

15 6 

144 7 

149 8 

51 


12/20/1930 

118 


210 

22 

21 

104 0 

161 

145 4 

150 2 

48 

SrOOs, 6 Gm 

daily 












since 11/15/1930 

12/29/1930 

108 


214 

38 

40 

991 

15 5 

143 8 

145 5 

17 

Recent vomiting 


1/ 8/1931 

111 


20 7 

41 

38 

104 5 

15 4 

148 5 

152 3 

38 



• The figures lor acids and bases represent milliequivalents per liter Average values 
obtained by the same methods on patients without disturbance of inorganic metabolism are 
approximately as follows HCOs = 27, Cl = 103. PO* = 18, SO* = 0 5, protein = 17 6, and total 
fixed base = 152 
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shows an occasional level of chloride somewhat higher than normal, 
but associated with edema, a complication that was negligible in the 
present study There is rather common association of a low chloride 
level with vomiting or with dehydration lesultmg from vomiting and 
diarrhea In many of the repoited cases with advanced functional 
impairment but without vomiting or edema, the chloride values were 
strictly normal, like those of the present study It seems doubtful, 
then, that abnormal serum chloride values are characteristic of the dis- 
turbance resulting from impaired renal function 

Theie is a clear relation of phosphate and sulphate retention to 
1 enal insufficiency, as pointed out by Atcliley and Benedict The level 
for serum protein is frequently lower than m the present study, but 
when low is associated with edema The question of ketone acid 
retention raised by Peters and his co-workers seems to have been 
answered in the study of Atchley and Benedict In the present study 
there was no occasion to suspect a starvation or pancreatic ketosis, and 
it will be observed that the balance obtained between total acids and 
fixed base usually leaves little room for accumulated organic acid 

It should be added that the observations considered so far were 
fairly well indicated in the early study of Denis and Hobson,-® who 
showed rising levels of sulphate and phosphate and depletion of the 
alkaline reserve associated with retention of nonprotein nitrogen and 
creatinine A few high chloride values were associated with edema , the 
few low chloride values were obtained from moribund patients with a 
presumptive association of vomiting 

In the study of Denis and Hobson the basic elements were 
determined separately, on account of inherent errors in the sodium 
method, the values for total fixed base, calculated from their results, 
probably are all too high Still, except with patients m a moribund 
state and with chloride levels suggestive of vomiting, the values 
obtained for the basic elements were sjmilar to those obtained for 
normal controls by the same methods Fixed base depletion was not 
considered by these authors as a characteristic of advanced clinical 
nephritis Subsequent work with improved technic has likewise failed 
to demonstrate serious depletion of serum fixed base to be such a 
characteristic The studies of Peters et al and of Atchley and Bene- 
dict^® showed marked depression of the fixed base level to be con- 
sistently associated with vomiting, and in the study of Hartmann and 
Darrow the conspicuously low levels of fixed base were associated 
with dehydration due to vomiting and diarrhea All of these authors 

20 Denis, W, and Hobson, S A Study of the Inorganic Constituents cf 
the Blood Serum m Nephritis, J Biol Chem 55 183 (Feb ) 1923 
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obsen^ed, however, that m cases in which extianeous causes for loss of 
fixed base appeared to be absent, the level of serum fixed base in 
chronic nephritis with functional impairment w^as usually at or slightly 
below the lower limit of normal fluctuation, they have concluded that 
this was due to some defect in the renal mechanism foi the conservation 
of fixed base 

In the present study, in which complicating disturbances were mini- 
mum, the level of serum fixed base was observed to be usually between 
145 and 152 milh equivalents per liter, whereas the normal limits obtained 
by Atchley and Benedict were from 148 to 155 The levels in health 
and chronic nephritis are, therefore, so close together that their fluctua- 
tions overlap About 1 milhequivalent of this discrepancy can be 
accounted for by the influence of a high phosphate and low protein 
content on serum calcium A small balance of the discrepancy remains, 
which it seems might well be due to some renal defect in conservation 
of base Much of the present study was concerned with the natuie 
of this defect 

URINARY EXCRETION OF INORGANIC CONSTITUENTS 

Examination of the urine in nephritis fails to show insufficient excre- 
tion of the inorganic acids Boyd^^ found that nephritic and normal 
children on the same diet excreted similar quantities of phosphoric acid 
Gamble and his associates found that a nephritic and a normal child 
on the same diet excreted similar quantities of the various acids and 
total fixed base Van Slyke and his co-workers ■■ found the titratable 
acid of the urine well maintained in nephritis until the terminal stage 
Apparently the nonthreshold acids, i e , sulphuric and phosphoric, 
accumulate in the blood to an equilibrium level at which filtration or 
secretion per glomerulotubulai unit of kidney remnant is sufficiently 
increased to maintain metabolic balance 

In consi deling the excretion of fixed base in nephritis we are not 
so much concerned with elimination as with conservation Excess of 
any of the basic elements is thrown off by the intestine as well as by 
the kidney, so that retention of fixed base is not a problem in renal 
insufficiency The question of conservation of fixed base, on the 
other hand, is of much interest, since many foodstuffs in the average 
diet contain more potential acid than base, i e , have an acid ash 

21 Boyd, Gladys L , Courtney, Angelia M , and MacLachlan, Ida F The 
Metabolism of Salts in Nephritis I Calcium and Phosphorus, Am J Dis Child 
32 29 (July) 1926 

22 Van Slyke, D D , Linder, G C , Hiller, Alma, Leiter, L, and McIntosh, 
J F The Excretion of Ammonia and Titratable Acid in Nephritis, J Clin 
Investigation 2 255 (Feb ) 1926 
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(Sherman and Gettler=^“), and the kidney carries the burden ot excret- 
ing this excess acid u ith a minimum loss of fixed base 

It IS simple enough to suppose that the pathologic condition obser\ ed 
in usual tjpes of chronic nephritis with renal insufficienc} might lead 
to retention of the less diffusible acids, which depend on the kidne} for 
excretion, but it is not so easy to understand uln this same condition 
should lead to a waste of fixed base That is to sar' m r lew of the 
prevailing conceptions of renal patholog}' and ph}Siolog}' if the damage 
to the kidne) is pnmarih at the glomerulus, whether from a toxin of 
hemorrhagic nephritis or from the process of arteriosclerosis, one 
might expect, with decreased formation of glomerular fluid, as ind’- 
cated by the studies of Rehberg"^ higher le\els of various urinary con- 
stituents in the blood stream On the other hand if damage to the 
tubule IS the result of occlusion of the glomerular tuft, the nutrition 
and ability of any tubule to reabsorb vital constituents should be pre- 
seiwed m proportion to the circulation through the corresponding 
glomerulus and somewdiat in proportion to the amount of glomerular 
fluid formed 

During the course of this study it has become obvious that many 
phases of tlie inorganic disturbance in nephntis are made clearer by 
a consideration of the probable difference beti\een a nephritic and a 
normal subject with regard to the rate of flow of glomerular fluid 
through the tubules Marshall and Carr have shown that diuresis 
produced by drinking distilled water makes the urine more alka- 
line Excretion of inorganic acids is increased, but excretion of 
ammonia is unchanged Diuresis therefore causes waste of mo^e 
fixed base than acid Apparently the increased rate of flow of glo- 
merular fluid through the tubules affords less opportunit)' for modification 
by reabsorption of fixed base or enncliment with acid The unne more 
closely resembles plasma in composition In any of the ordinary t}'pes 
of chronic nephritis wuth impaired renal function the volume of urine i*: 
somewhat greater tlian normal especially at mght The situation is 
therefore, one in which an increased volume of urine passes through 

23 Sherman, H C, and Gettler, A O The Balance of Acid-formmg and 
Base-forming Elements in Foods and Its Relation to Ammonia ^Metabolism J 
Biol Chem 11-323, 1912 

24 Rehberg, Poul Brandt Ueber die Bestimmung der IMenge des Glomerulus- 
Filtrats mittels Kreatinin al« Xierenfunktionsprufung nebst emigen Bemerkungen 
uber die Theonen der Hambereitune, Zentralbl f inn !Med 50 367 (Apnl 13) 
1929 

25 Marshall E K, Jr The Influence of Diuresis on the Elimination of 
Urea Creatinine and Chlorides,! Pharmacol & Exper Therap 16.141 (Oct) 
1920 

26 Carr A D The Effect of Water Diuresis on the Elimination of Certain 
Urinaix' Constituents, J Pharmacol & Exper Therap 18 221 (Oct ) 1921 
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lelatnely few lemauiing tubules The rate of flow thiough the tubules 
must be considerably increased Starting at the other end of the piocess, 
it may be supposed that in each suiviving lenal unit a compensatoiy 
increased late of formation of glomerular fluid occuis, although the total 
quantit> of glomeiular fluid as calculated by Rehbeig"'* is deci eased 
With inci eased rate of flow through the tubules, impel feet leabsoiption 
of water and fixed base and, to a lesser extent, of chloiide and othei con- 
stituents of the glomerular fluid results Since this compensatoiy 
diuresis is sustained day and night, evidence of slight depletion of fixed 
base in serum seems to be adequately accounted foi 

Hartmann and Dariow^** suggested that the polyuiia of chionic 
nephiitis might in some way be i elated to the reduced level of seium 
fixed base Atchley and Benedict expressed the belief that such a view 
lacks experimental proof, and pointed to the failure of diuiesis to change 
the level of seium fixed base in a patient with caidiac disease and edema 
and good lenal fun.ction The}'^ observed latei, nevertheless, that the 
fixed base le-vel in a nephiitic patient was i educed 5 milhequivalents b)' 
foicmg fluids foi one week This lesult might be anticipated by a 
consideration of the probable difference in the rate of flow thiough the 
tubules of a patient with caidiac disease and those of a nephritic patient, 
for an inciease in the volume of urine of an} magnitude distiibuted 
among the hundreds of thousands of tubules of a noimal renal appaiatus 
would not be expected to create nearly so gieat an inci eased late of 
flow as that pioduced by the few glomerulotubular units of a kidney 
lemnant A diuresis that caused excretion of little extra fixed base m 
the normal renal apparatus might result in the loss of a considerable 
quantity in the nephritic patient Experimental suppoit foi this assei- 
tion IS offered in the study of case 68497, table 7 

Certain observations of Gamble and his associates and Lindei -® 
should be consideied at this point They have shown that administia- 
tion of mineral acid leads to the excretion of more extia fixed base in 
the urine of a subject with impaired kidney function than in that of 
noimal controls The results of these studies have led to the con- 
clusion that a specific defect in the process of conseivation of fixed 
base exists m the nephritic kidney, and that this defect is intimately con- 
nected with the process of ammonia formation, which is proportionatelv 
depressed 

In order to study this question further, a number of metabolism 
experiments similar to those cited have been conducted, and the results 

27 A demonstrable lowering of serum chloride could hardly be expected, since 
diuresis leads to waste of less chloride than of fixed base and the depression of 
the le\el of fixed base is very slight 

28 Linder, Geoffrv C The Effect of Mineral Acid on Acid-Base Regulation 
in Health and m Nephritis, Quart J Med 20 285 (April) 1927 
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of thiee of them, m which coopeiatioii of the subject was satisfactoij 
m regard to collection of mine and adherence to diet, are shoun m 
tables 4, 5 and 6 The lesults of these studies on nephiitic patients 
without edema aie compaied graphically m the chart with those on a 



Increased excretion of acids and bases in urine on administration of ammonium 
sulphate The upper part of the chart represents the results m a subject with 
normal renal function (case 67075, table 2) , the middle part, those m a case ot 
nephritis with edema (A T, table 3), and the low'er part, those m a case of 
advanced nephritis without edema (case 68497, table 6) The excretion of mineral 
acid is indicated by a solid line, that of fixed base by a long dash and that of 
ammonia by a short dash 
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normal control (table 2) and on the nephritic patient with edema studied 
by Gamble and his associates^® (table 3) 

It will be observed that in nephritis without edema there is no more 
waste of base during the first two days of the study than in the normal 
control and a trifle less than in nephritis with edema During the last 
part of the acid test period the waste of base in case 68497, in which 


Table 2 — Case 67075 Normal Renal Function Influence of Ammonium 
Sulphate on Evciehon of Acids and Bases m Urine 


Increase 0\ er 

(NH4)2 Fore Period 

SO* Urine Mm , * 



In 

Vol 

Great 





eral 


Fixed 


Mm 




gested, 

ume. 

mine. 


S04, 

Cl, 

POi, 

Acid, 

Na, 

Base, 

NH4, 

eral 

Fixed 


Day 

MEq 

Cc 

Gm 

Jla 

MEq 

M Eq M Eq 

MEq 

MEq 

MEq 

M Eq 

Acid 

Base 

NH4 

1 

0 

900 

0 81 

58 

42 4 

341 

32 0 

108 5 

42 6 

88 3 

18 4 




2 

0 

1050 

OSS 

58 

47 3 

35 3 

29 2 

111 8 

517 

92 6 

20 2 




3 

0 

1120 

0 92 

5 6 

48 7 

371 

34 4 

120 2 

47 0 

951 

217 




4 

75 

lOSO 

0 81 

54 

85 5 

35 3 

32 6 

153 2 

62 3 

127 5 

26 2 

39 7 

35 5 

61 

5 

75 

1160 

0 89 

50 

94 5 

40 5 

301 

165 1 

78 7 

132 4 

315 

516 

42 4 

11 4 

6 

75 

1320 

090 

50 

100 2 

42 8 

35 2 

178 2 

58 2 

120 0 

54 5 

64 7 

28 0 

34 4 

7 

75 

1010 

0 82 

52 

98 6 

40 6 

29 8 

169 0 

49 7 

105 3 

50 0 

55 5 

13 3 

30 5 

S 

75 

1230 

OsO 

52 

106 2 

413 

34 4 

181 9 

51 6 

108 0 

59 5 

68 4 

16 0 

39 4 

9 

0 

9S0 

0 81 

54 

61 3 

40 5 

28 5 

1303 


79 2 

39 4 

16 8 

—12 8 

17 8 

10 

0 

920 

0 83 

56 

49 5 

31 6 

29 0 

1101 


71 4 

31 5 - 

-34 

—20 6 

11 4 


Table 3 — Case A T Nephutis with Edema Influence of Ammonium Sulphate 
on Evcietion of Acids and Bases in Uiine 


increase Over 


(NH4)3 Pore Period 

JsOi TTrinp IMm 



fe04 

Urine 






Min 




y. 



In 

Vol 

Great 





eral 

Fixed 


Mm 




gested. 

ume. 

mine, 


S04, 

Cl, 

P04, 

Acid, 

Base, 

EHi, 

eral 

Fixed 


Day 

MEq 

Ce 

Gm 

Pb 

MEq 

MEq 

MEq 

MEq 

MEq 

MEq 

Acid 

Base 

EUi 

1, 2,3 


1070 

0 52 

44 

20 4 

37 0 

32 0 

89 4 

521 

18 7 




4 

109 0 

1200 

0 56 

44 

03 6 

48 9 

331 

145 6 

110 4 

23 2 

56 2 

58 3 

45 

5 

109 0 

1280 

0 57 

4 4 

89 2 

52 0 

35 8 

177 0 

127 7 

35 8 

87 6 

75 0 

171 

6 

109 0 

1025 

0 52 

48 

70 5 

30 6 

319 

133 0 

81 4 

43 3 

43 0 

29 u 

24 0 

7 

54 5 

1030 

0 55 

48 

84 3 

30 6 

36 4 

151 3 

77 2 

56 5 

61 9 

25 1 

37 8 

S 


1115 

0 55 

50 

60 2 

40 3 

33 8 

134 3 

06 2 

591 

44 9 

141 

40 4 

9 


lost 












10 


900 

0 58 

32 

19 9 

45 7 

319 

97 5 

43 8 

45 8 

81 

—83 

27 1 

11 


960 

0 52 

52 

17 1 

40 0 

29 0 

86 1 

37 2 

38 2 

—33 

—14 9 

19 5 


* Reported bv Gamble et al (footnote 10, p 379) 


there was advanced impairment, was somewhat gieatei than in the case 
of either the normal control or the nephritic patient with edema 

In attempting to account for the differences observed between noimal 
subjects and patients with different tj^pes of nephritis m legard to the 
quantitative lelations of mineral acid and fixed base excreted, it is neces- 
sary, aside from renal factors, to consider the changes that take place 
in the tissues It seems that a change m the direction of acidosis 
decreases the capacitj^ of the tissues to bind base and also water, that 
there is a store of extracellular base, chiefly sodium, which is leadily 
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paited with, and that intracellular base, chiefly potassium, is drained b} 
more seveie or prolonged acidosis In conditions of edema the tissues 
tend to become loaded with increased quantities of sodium Conse- 
quently, as Gamble and his associates^® pointed out, the patient with 
edema would be expected to throw off abnormally large quantities of 
fixed base with the administration of acid In the ordinary types of 
chionic glomerular or arteriosclerotic nephritis in adults there is usually 


Table 4 — Case 67985 Slightly Impatied Renal Function^ xmth No Edema 
Influence of Ainmoniuin Sulphate on Excretion of Acids and Bases in Urine 



(NHPs 

S04 

In- 

gested, 

MEq 

Urine 

Vol 

ume, 

Cc 






Min 

ernl 

Acid, 

MEq 




Increase Over 
Eore Period 

Day 

Great 

mine, 

Gm 

pii 

S04, 

MEq 

Cl, I>04, 
M Eq M Eq 

Xa, 

MEq 

Ei\ed 

Base, 

MEq 

NH4, 

MEq 

'Mm 

oral 

Acid 

ri\ed 

Base 

NH4 

1 

0 

9S0 

120 

53 

48 7 

315 

29 9 

1101 

49 2 

100 0 

10 8 




2 

0 

1140 

1 32 

53 

53 2 

24 4 

30 4 

108 0 

64 0 

107 2 

221 




3 

0 

1200 

1 35 

54 

41 0 

38 0 

30 2 

109 2 

62 7 

103 2 

17 0 




4 

9G 

1450 

120 

60 

03 8 

44 5 

382 

140 5 

69 0 

134 1 

22 8 

37 3 

30 0 

4 0 

5 

90 

1430 

1 39 

48 

87 4 

Cl 3 

33 9 

172 0 

01 5 

138 7 

30 9 

03 4 

35 2 

121 

6 

90 

1500 

132 

44 

85 3 

53 0 

38 0 

170 3 

54 0 

133 0 

38 4 

071 

29 5 

19 0 

7 

90 

1710 

140 

4 4 

91 0 

01 4 

381 

191 1 

67 2 

142 9 

47 3 

115 3 

39 4 

28 5 

8 

90 

1740 

1 35 

44 

89 0 

50 0 

37 4 

177 0 

50 0 

141 0 

42 8 

81 9 

37 5 

24 0 

9 

0 

1010 

132 

40 

72 8 

613 

29 5 

153 0 

49 0 

110 2 

45 0 

44 4 

07 

20 8 

10 

0 

1220 

1 15 

49 

37 3 

28 9 

32 2 

984 

41 0 

80 0 

27 5 

—10 8 

—17 2 

87 


Table S — Case 67156 Advanced Renal Impairment, with No Edema Influence 
of Phosphouc Acid on Evcietion of Acids and Bases in Urine 













Increase Over 













Eore Period 


HaPOi Urine 






Mm- 





A 

' 


In 

Vol 

Great 





era! 


Eixed 


Min 




gested. 

ume, 

mine. 


S04, 

Cl, 

P04, 

Acid, 

Na, 

Base, 

NH4, 

eral 

Eived 


Day M Eq 

Cc 

Gm 

Pu 

MEq 

MEq 

MEq 

MEq 

MEq 

MEq 

MEq 

Acid 

Base 

EH4 

1 

0 

1720 

123 

58 

31 2 

78 5 

29 4 

1391 

06 7 

139 5 

88 




2 

0 

1770 

128 

58 

28 0 

80 0 

29 0 

143 0 

07 3 

138 2 

71 




3 

no 

2150 

137 

58 

30 7 

93 5 

55 3 

179 5 

76 1 

100 0 

13 4 

381 

27 2 

54 

4 

no 

2180 

120 

50 

33 2 

1001 

70 0 

209 3 

741 

190 9 

20 5 

07 9 

521 

12 3 

5 

73 

1700 

103 

40 

37 5 

9S0 

670 

2031 

05 7 

174 4 

18 5 

01 7 

35 0 

10 5 

0 

0 

1890 

1 15 

50 

38 7 

90 8 

43 5 

179 0 

48 0 

155 5 

19 3 

37 0 

10 7 

11 3 

7 

0 

1000 

112 

50 

34 8 

85 3 

35 8 

1001 

50 6 

132 8 

171 

18 7 

40 

51 


no edema except with heart failure or some other complication, and 
on account of the acidosis that accompanies the renal impairment the 
supply of easily mobilized fixed base of extracellular fluid should be 
somewhat depleted Separate analyses do show low figures for extra 
sodium excretion in the nephritic patient (tables 4 and 5) as compared 
with the normal subject (table 2) This fact may account in part for 
the relatively small quantity of extra fixed base excreted in the urine 

29 Haldane, J B S , Hill, R. , and Luck, J kf Calcium Chloride Acidosis, 
J Physiol 57 301 (June) 1923 Gamble et al (footnote 10) 
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during the first days of acid administration However, a much moie 
severe grade of acidosis develops m the patient with renal impaiiment 
than in the normal contiol on a given dosage of mineral acid, so after 
prolonged administiation more intracellular fixed base is released from 
the tissues of the nephritic patient 

In looking for renal factors to account foi excretion of abnoimally 
large quantities of fixed base with ingestion of acid, attention is again 
directed to the question of a diuiesis that seems to handicap in some 
way the mechanism for conservation of base The tables show that 
there was a definite and prolonged increase in the volume of urine in 
nephiitic patients on ingestion of acid A diuresis of the magnitude 
obseiied would probably not be gieat enough appieciably to handicap 


Table 6 — Case 68497 Advanced Renal hnpanment, zvith No Edema Influence 
of Ammonium Sulphate on Evciction of Acids and Bases m Urine 


Increase Over 


(NHi): Tore Period 

ROa TTrine Min / ^ 


Daj 

SO* 

In 

gested, 
M Eq 

Urine 

Vol 

ume, 

Cc 

Creat- 

inine, 

Gm 

Pn 

SO*, 

MEq 

Cl, 

MEq 

POi, 

MEq 

Mm 

eral 

Acid, 

MEq 

E)\ed 

Base, 

MEq 

NH*, 
M Eq 

Mm 

eral 

Acid 

Eixcd 

Base 

NH* 

1 

0 

2560 

108 

50 

41 5 

130 0 

31 8 

203 3 

174 7 

81 




0 

0 

2940 

122 

49 

46 2 

124 4 

41 2 

2118 

210 9 

SO 




8 

0 

2950 

1 23 

50 

45 7 

138 4 

40 0 

224 1 

220 2 

93 




4 

96 

2540? 

0 90 

49 

44 7 

120 6 

29 6 

194 9 

175 4 

89 

? 

? 

? 

S 

96 

3100 

1 15 

48 

81 6 

1441 

36 4 

2621 

247 2 

12 4 

49 0 

45 2 

41 

c 

96 

3310 

129 

48 

102 5 

157 2 

40 8 

300 5 

305 7 

13 9 

87 4 

837 

53 

7 

96 

3320 

1 30 

49 

107 4 

143 9 

42 8 

294 1 

265 8 

16 5 

81 0 

63 8 

79 

8 

96 

3390 

131 

49 

1012 

142 8 

40 8 

284 8 

239 0 

19 2 

717 

37 0 

10 6 

9 

0 

2950 

1 19 

4 9 

82 8 

124 5 

38 9 

245 7 

207 5 

18 3 

32 6 

55 

97 

10 

0 

2980 

1 14 

4 9 

63 8 

1261 

37 8 

227 7 

205 0 

12 5 

14 6 

30 

89 


the base-conseiving mechanism m health, but superimposed on the pre- 
1 ailing compensatory diuiesis m a kidney remnant, it might be expected 
tiemendously to inciease the rate of flow through the tubules and so lead 
to excietion of much extra fixed base In addition to the pronounced 
inciease m the excietion of fixed base, there is a conspicuous increase 
in excietion of chloiide and a lesser increase in excietion of phosphate, 
lesults that aie also consistent with a diuretic effect In the experiment 
of Gamble (table 3 ) the diop m the excretion of fixed base was associ- 
ated with a drop in the volume of uiine 

An additional experiment has been conducted to bung out the changes 
111 excietion of inorganic acids and bases with fluctuations in the volume 
of the 111 me caused by decreasing and increasing the intake of distilled 

30 In one case of nephritis without edema studied by Linder (footnote 28) a 
surpri Singh large quantity of potassium was excreted at the onset of acid admin- 
istration Some quantitative error was indicated, however, since the pa values 
shov that the urine was more acid, while extra fixed base excretion considerably 
exceeded the extra mineral acid excretion 




BRIGGS— /iCIDOSI^ OR M:PJIR!JIS 


09 


watei The results in table 7 sho^^ , ^\ltl^ a diuresis of the older pioduced 
in the pievious experiments, an inciease in excietion of inoiganic acids 
and a considerably greatei inciease in the excietion of fixed base The 
changes in fixed base aie not so gieat as those obtained b} the adininis- 
tiation of acid, presumably because the acid effect in the tissues is lacking 
The conclusion to be dra^^n is that changes m the excretion of fixed 
base caused by the administiation of acid may be accounted for by a 
moiement of fixed base fiom the tissues to the blood stieam and to the 
mine and by a diuretic effect that handicaps reabsorption 

THE ROLE or THE AMMOXIA SECRETED IN THE URINE 

Since ammonia formation m nephiitis is depiessed along ivith func- 
tional impaiiment, considerable interest has necessaiily centered on the 
relation of this actnit} to the inorganic disturbance The strong impies- 

Table 7 — Case 68497 Advanced Renal Impainnent Influence of Distilled 
Watei Diiiiesis on Excietion of Acids and Bases in Uiine 


Increase 0\er 


M nter 





Jlin 



Tore Period 

In Urine 

Great 




eral 

EKed 

t 


*. 

gosted, Volume, 

mine, 

SOi, 

Cl, 

PO 4 , 

Acid, 

Base, 

NH4, 

Mineral 

ri\cd 

D i\ Cc Cc 

Gm 

MEq 

MEq 

MEq 

MEq 

MEq 

MEq 

Acid 

Base 

1 2500 2020 

1 20 

3S 

102 

41 

181 

152 

18 



2 1500 2010 

1 20 

35 

77 

3S 

150 

118 

21 

—31 

—34 +3 

, 4000 OGSO 

132 

42 

107 

48 

197 

183 

22 

+10 

+31 +4 


Sion gamed during the couise of this study is that the formation of 
ammonia selves chiefly to prevent excess acidity of the genito-urmaiy 
tiact 

It has been obsei ved in the fiist place that there is no seiious depletion 
of seium fixed base even with advanced functional impairment, and 
the thieshold \alues obtained may \eiy well be due to a sustained com- 
pensatoiy diuresis Then it was pointed out that the influence of acid 
on fixed base excietion in either normal conditions or different types 
of nephiitis could be accounted for b}- a consideration of the effect 
of the acid on the base and water binding capacity of the tissues and the 
effect of the diuiesis on reabsoiption of fixed base 

The conventional teaching that the formation of ammonia serves 
as an impoitant factor in neutraht}’- regulation in the body seems an 
unavoidable conclusion onl\ as long as one supposes the ammonia to be 
foimed 111 the tissues and neutralized bi metabolic acids before leach- 
ing the kidne} The nidel} accepted view at present, honeier is that 
the ammonia is formed b} the kidne\s,^- although this nas vigorousl} 

31 Henderson, Lawrence J A Critical Studj of the Process of Acid Excre- 
tion, J Biol Chem 9 403, 1911 

32 Benedict, Stanlej R, and Nash, Thomas P On the Question of the 
Origin of Urinary Ammonia J Biol Chem 82 673 (June) 1929 
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opposed by Bliss The view that ammonia is formed to prevent excess 
acidity carries the implication that a piimai}'^ secretion of high acidity 
IS formed, since the bladder mine is slightly acid even after the forma- 
tion of much ammonia The interesting observations of Macallum and 
Campbell indicate that a piimai} secretion of high acidity is formed 
In this study of Macallum it was observed after intravenous adminis- 
tration of a solution of feme ammonium citrate and sodium ferro- 
cyanide to fasting experimental animals that prussian blue was formed 
m the cells of the proximal convoluted tubules and carried down into 
the urine Prussian blue is not formed when the solution is added to 
a saturated solution of potassium dihydrogen phosphate, as was pointed 
out by Macallum When it is added to tenth-molar lactic acid, a 
greenish coloration is formed, and in the presence of stronger acid the 
intense coloration of prussian blue is obseived 

If, as Macallum believes, the primary lenal secretion has an acidity 
comparable with that of gastric juice, it follows that the essential of 
fixed base conservation, i e , formation of a seci etion containing a large 
excess of acid over fixed base, is effected in the proximal convoluted 
tubules, that the ammonia is added later, or the primary secretion 
would not have been more acid than the bladder urine, and that the 
primary secretion, if not neutralized by ammonia or some other base, 
would be extremely irritating to the genito-urmary tract It is obvious 
that whether the conventional view or the one suggested here is correct, 
ammonia and fixed base are complementaiy factors in neutralizing the 
acid of the urine, and with administration of alkali ammonia formation 
IS depressed In the curves showing the lesults of the admmistiation 
of acid one observes about the same activity in the formation of 
ammonia on the second day of acid administration, a period of base 
waste, as on the second day of the aftei -period, a period of base con- 
servation In both cases the quantitj'- of ammonia formed is just about 
sufficient to neutralize the excess of mineral acid over fixed base In 
certain other cases the quantity of ammonia fo'rmed is not determined 
by waste or conservation of base but by the excess of acid over fixed 
base that is being excreted One of these conditions is in the diuresis 
produced by drinking distilled water, increased quantities of fixed base 
are lost by the tissues into the mine, but the foimation of ammonia 
IS not stimulated Another case is found in the study of Fiske and 

33 Bliss, Sidney The Amide Nitrogen of Blood III Muscular Exercise 
The Role of Ammonia m the Neutralization of Lactic A.cid, J Biol Chem 81 137 
(Jan) 1929 

34 Macallum, A B and Campbell, W R The Secretion of “Acid” by the 
Kidnej, Am J Phj’^siol 59 439 (Oct) 1929 
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Sokhey The} obscivcd that when mineial acid was injected intia- 
venously at a veiy slow^ rate, considerable extia fixed base w'as excreted 
and some extra ammonia foimed, but wdien the acid w^as injected 
slightly fastei, the respiratory center was so violently stimulated that 
alkalosis developed, more fixed base than before w^as lost from the 
tissues, and yet ammonia foimation was depressed 

RELATION or CERTAIN CLINICAL CONSIDERATIONS TO THE 
INORGANIC DISTURBANCE 

Polyuna — The secretion of large volumes of uiine in chionic 
nephiitis with retention of waste products has already been accounted 
for on the basis of a sustained compensatoiy diuiesis in the kidne} 
remnant In order to obtain a cleaier picture it maj be supposed that, 
whereas in health about 150 liters of glomerulai fluid aie foimed in a 
day and 1 per cent escapes i eabsorption, leaving a volume of ui me of 1 5 
liters, with moderately advanced impairment only 50 liters of glo- 
merulai fluid aie foimed and 4 pei cent escapes i eabsorption, owing to 
the inci eased late of flow% leaving 2 liters of uiine 

Acidity of the Uune — The urine tends to be moie acid than noimal 
wath advanced renal impairment^® Compared wuth a normal subject 
on the same diet, a nephritic patient excretes similar quantities of the 
vaiious acid waste products because of highei equihbiium levels in 
the blood stieam The level of fixed base m seium, and presumably 
that of glomerulai fluid, is maintained at a slightly low^er level wuth 
leiial impairment, but the reabsorption of fixed base is not quite so 
pel feet The result is that the nephritic patient excretes about the same 
quantity of fixed base as the normal control on the same diet (Gamble 
et aP°) The greater acidity of the mine m nephritis depends, there- 
foie, on the foimation of less ammonia The mtei pretation ofifeied 
heie IS that the primary secietion of high acidity is not so completel} 
neutralized by the formation of ammonia, because it is forced at a lela- 
tively high speed through lelatively few’- tubules 

Edema — ^There aie twm factors operating m nephritis wuth destiuc- 
tion of glonieiular tissue that tend to pi event lather than to cause 
edema The fiist is the poor tubular reabsorption and pohuria lesultmg 

35 Fiske, Cyrus H , and Sokhej', S S Ammonia and Fixed Base Excretion 
After the Administration of Acid bv Various Paths T Biol Chem 63 309 
(klarch) 1925 

36 Henderson, Lawrence T . and Palmer, W W On the Intensity of Urinar\ 
Acidity in Normal and Pathological Conditions, J Biol Chem 13 393, 1912-1913 
McConue, John E Studies on the Morning Alkaline Tide of Urine in Normal 
Persons and m Patients with Xepliritis J Chn Iiwestigation 2 35 (Oct) 1925 
kragnus-Le^w , A Das Ammoniak bei der Nephrose, Ztschr f klin :Mcd 112 
256 1930 
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apparently fiom an increased rate of flow The other factor is the 
acidosis, which decreases the power of the tissues to bind water 
Edema, when occurring in the aiterioscleiotic types of nephritis, is 
nearly always due to heart failure, and the impression in this dime 
IS that patients with cardiac disease and renal impairment have less 
trouble with pulmonary and subcutaneous edema than those with good 
renal function If theie is any renal factor, aside from that which 
permits albuminuria, tending to cause edema, it should be looked for 
in the activity of the tubules as well as in that of the glomeruli, since 
the tubules are thought to be especially concerned with return of water 
and fixed base to the tissues It is inteiesting to observe m this con- 
nection that the types of kidney disease associated with edema aie those 
in which cells of the renal tubules show edema and various degenerative 
changes with little atiophy or necrosis, i e , changes that might be 
looked on as inflation phenomena If these changes are compatible 
with excessive functional activity,®’ then excessive quantities of water 
and fixed base would be letuined to the tissues and would tend to cause 
scanty mine and edema The levels of creatinine and other waste 
products in the blood stream and the quantities excieted in the urine 
are usually noimal in the degeneiative types of nephritis, in which 
edema is most troublesome Calculations by the method of Rehberg,®^ 
therefore, indicate the foimation of a normal quantity of glomerular 
fluid with scanty mine The conclusion, then, seems forced that 
excessive reabsoiption of water does occur as a cause of edema in 
degeneiative nephiitis 

Ui einia — The group of symptoms associated with the ui emic 
S}ndiome are those to be expected fiom asphyxia, particulaily asph}xia 
ot vaiious centers in the hi am In acute henioiihagic nephritis, uremic 
manifestations aie controlled by agents that relieve the edema of the 
biam (Blackfan®®) When nephrosis tei inmates fatally, coma oi othei 
signs of uremia may be attributed to edema of the biain In the arteiio- 
sclerotic type of nephritis, circulatoiy distmbances in the brain due to 
blood vessel changes or cardiac stasis are probably the most important 
factors m causing any manifestations of uremia that may be piesent 

The question of special inteiest heie is whether oi not the acidosis 
may be a contributing cause m the pioduction of memia Koehler®® 
found that administration of more than 15 Gm of phosphoric acid or 

37 Magnus-Levy (footnote 36, third reference) observed increased capacitj'^ of 
the kidnej' in nephrosis to produce ammonia and attributed this to an irritated 
state of the tubular epithelium 

38 Blackfan, Kenneth D Acute Nephritis m Children, with Special Refer- 
ence to the Treatment of Uremia, Bull Johns Hopkins Hosp 39 69, 1926 

39 Koehler Alfred E The Effect of Acid and Base Ingestion upon the 
Acid-Base Balance J Biol Chem 72 99 (klarch) 1927 
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laige doses of ammonium chloiide or calcium chloiide dail} foi a A\eek 
or moie to peisons with normal kidney function giaduall} produced a 
marked fall m plasma caibon dioxide and pn With this seveie pio- 
longed acidosis he observed the following symptoms headache, loss of 
appetite, nausea, drowsiness and muscle pains These aie the same 
symptoms found by Femblatt to be especiall} characteiistic ol uremia 
Koehler pointed out that the symptoms aie probably the lesult of tissue 
asphyxia, since tissue oxidation is at its optimum at a noimal pn 
It would seem then that, although the chief causes of the s\mptoms ol 
uiemia that appeal m the vaiious types of nephritis aie due to edema 
Ol circulatory disturbances in the brain, the piesence of seveie acidosis 
due to retention of phosphoric and sulphuiic acids might inciease the 
tendency towaid asphyxia and be a contiibutoiy factoi in producing 
the syndiome In types in which edema of the biam is present, how- 
evei, the analysis is complicated by the fact that the acidosis tends to 
reduce the edema Acidosis up to a ceitain extent could then be bene- 
ficial when a gieatei degree would be detrimental 

That theie is a decreased tolerance to mineial acids m chronic 
nephritis with impaired lenal function is ceitam This fact was 
observed b}^ Gamble and his associates and Lmdei -® foi sulphuric 
and hydiochloiic acids In the piesent study a numbei of patients with 
arteriosclerosis and impaned lenal function showed pool toleiance to 
phosphoiic acid or ammonium sulphate In case 64392 the adminis- 
tiation of phosphoric acid, 6 Gm dail}, was begun on Feb 2 1929, 
and on Febiuaiy 4, headache and nausea developed, symptoms that 
disappeaied piomptly when the phosphoiic acid nas discontinued 
The patient m case 64838, with moie advanced renal impairment, 
staited to take phosphoiic acid, 6 Gm dail}, on March 5, 1929 and 
geneiahzed muscle pains and loss of appetite developed the folloumg 
afternoon The patient in case 67156, who had aiteiioscleiosis and 
advanced lenal impaiiment and was given the same dosage of phos- 
phoiic acid, on the thud day complained of geneial malaise, muscle 
tiemois and nausea The patient in case 67024, with advanced aiteiio- 
scleiosis and lenal impairment, took ammonium sulphate equivalent to 
96 cc of noimal sulphuric acid, starting on March 13, 1930 He was 
obseived to be quite drows} and to vomit his evening meal on March 16 
The patient in case 68497, with advanced renal impaiiment but not 
such extensive aiteiioscleiosis, was able, during the metabolism test 
staiting Oct 8, 1930, to take ammonium sulphate equivalent to 96 cc 
of noimal acid daily for five days without developing an} S}mptoms of 
uiemia, although blood taken on the last day showed a lover level 

40 Femblatt, H M Uremia, the Syndrome of Nitrogen Retention, Boston 
M & S T 189 399 (Sept 20) 1923 
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of pK than was obseived nith the onset of uieniic symptoms m cases 
67024 and 67392 The suggestion is that in the last patient, who had 
less advanced cerebral arteriosclerosis, there was less tendency to 
cerebral aspltyxia Other patients with rather advanced arteiioscle- 
losis and only slight impairment of renal function have been able to 
tolerate considerably greater quantities of ammonium sulphate or phos- 
phoric acid 

Tieatment — The problem in treatment for the acidosis in nephritis 
IS to replace fixed base depletion and to promote excretion of, or limit 
accumulation of, sulphuric and phosphoric acids The results of this 
stud}'^ tend to minimize considerably the necessity for replacement of 
fixed base, since in uncomplicated cases the level of fixed base is scarcely 
below the limits of normal fluctuation 

The influence of alkali on the retention of acid in nephiitis has 
been chiefly concerned with phosphoric acid Marriott and Howland,^^ 
m an early study, found no evidence that administration of sodium 
alkali promoted excretion of phosphate in nephritis In a previous 
study I observed that the administration of potassium oi magnesium 
acetate failed to influence the excretion of phosphate in the urine 
Administration of calcium salts, however, has been shown to deciease 
the excretion of phosphate in the urine and to increase excretion 
in the feces, presumably because unabsoibed calcium tends to bind 
phosphoric acid split oft duiing digestion, and calcium that is absorbed 
IS excreted in the feces for the most part and carries phosphate along 
in combination It will be observed that the patients in cases 62367 
and 64838, who took calcium carbonate, 6 Gm daily, did show a defi- 
nite drop in the level of serum phosphate Mariiott and Hartmann^'* 
also spoke of reducing the level of serum phosphate in nephritis by 
calcium therapy 

Along this same line some attention has been given to the question 
of strontium theiapy Strontium, like calcium, is excreted chiefly m 
the feces and has an insoluble sulphate as well as a phosphate It is 
conceivable, then, that strontium therapy in chronic nephritis might 
facilitate the removal through the intestine of sulphuric as well as 
phosphoric acid Intrapentoneal administration of stiontium acetate 

41 Marriott, W McKim, and Howland, J Phosphate Retention in Nephritis, 
Arch Int Med 18 708 (Nov) 1916 

42 Briggs, A P Some Metabolic Aspects of Calcium Therapy, Arch Int 
Aled 37 440 (March) 1926 

, 43 Teller, S V Studies m Calcium and Phosphorus Metabolism III The 
Absorption of Calcium and Phosphorus and Their Fixation in the Skeleton, Quart 
I Med 17 245, 1924 Briggs (footnote 42) 

44 Marriott, W McKim, and Hartmann, A.lexis F Newer Aspects of 
Acidosis, J A \ 91 1675 (Dec 1) 1928 
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m dogs caused a conspicuous drop in the urinaiy excietion of phos- 
phate and a veiy slight drop in sulphate, suggesting that strontium 
phosphate and sulphate had been excieted in the feces In the piesent 
study, a diop in the levels of both serum phosphate and sulphate after 
administiation of strontium caibonate, 6 Gm daily, was observed in 
the following instances in case 64123, on Dec 29, 1928 , m case 66998, 
on April 21, 1930, m case 67392, on April 25, 1930, and in case 
68497, on Dec 20, 1930 With the diop in sulphate and phosphate 
theie IS a slight use in bicarbonate and pu, that is, a partial correction 
of the acidosis 

Having partially coirected the acidosis, it would be giatifying to be 
able to repoit associated clinical improvement As pointed out, ho^\- 
evei, this woik has been done on patients without symptoms Moieovei , 
the eaily appearance of nausea as a symptom has so far interfered 
with the use of strontium therapy in uremia It will be interesting to 
see, howevei, if the continuous administiation of calcium or, better, 
of strontium carbonate to a nephritic patient will prolong the couise 
before the appeal ance of symptoms 

In attempting to evaluate the efficacy of the high base diets mtio- 
duced by Sansum, Blatherwick and Smith for treatment m nephritis, 
a number of points should be observed Evidence was just presented 
that the sodium and potassium alkalis of such diets do not promote 
excietion of phosphoric acid, and in addition it might be mentioned 
that Shohl and Sato found that administration of sodium bicarbonate 
failed to influence appreciably the excretion of any acid Moreovei, a 
diet consisting chiefly of fruits and vegetables has been found to pro- 
vide insufficient protein in cases in which albuminuria is severe 
When protein (high phosphorus and sulphur) foods are incorporated 
ill the diet, nothing seems to be accomplished m the way of eliminating 
the resulting acids by ingestion of a quantity of fruit and vegetables 
(sodium and potassium alkali) A special case is obseived when milk 
IS used to piovide the necessaiy piotein In this instance the high 
phosphoius content of the milk is balanced by a high calcium content, 
which seems to facilitate the elimination of phosphorus through extra- 
lenal channels From the foregoing evidence it would seem that the 
ordinary high base diet has for its chief merit an associated limitation 
of phosphoric and sulphuiic acids 

45 Unpublished experiments 

46 Sansum. W D , Blatherwick, N R, and Smith, Florence H Tiie Use 
of Basic Diets m the Treatment of Nephritis, J A. M A 81 883 (Sept 15) 1923 

47 Shohl. A T , and Sato, A Acid-Base ^letabohsm II Almeral Metab- 
olism, J Biol Chem 58 257 (Nov ) 1923 

48 Peters, John P , and Bulger, Harold A The Relation of Albuminuria to 
Protein Requirement in Nephritis, Arch Int Med 87 153 (Feb ) 1926 
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SUMMARY AND CONCLUSIONS 

The acid-base equilibrium has been studied in a group of nephritic 
patients in whom vomiting and other complications were negligible 
It has been obseived that the condition of the serum acids is veiy 
similai to that found after ligation of both ureters in expeiimental 
animals There is, howevei, a very slight depression m the level of 
seium fixed base It has been observed that piolonged administration 
of mineial acid to these nephritic patients (without edema) leads to 
waste of more base than in normal controls 

It has been concluded that the defect m conseivation of base, as 
well as of watei, chloiide and other substances, depends largely on an 
inci eased rate of flow of the glomeiular fluid through the surviving 
tubules 

It has been concluded that the chief function served b}' ammonia 
foimation is the prevention of excess acidity in the genito-uiinaiy tract 
An attempt has been made to apply the experimental findings and 
theoietical consideiations to vaiious clinical and therapeutic features 
ot nephiitis 



TUBERCULOSIS AMONG NURSES 


EVERETT K GEER, M D 

ST PAUL 

The subject of this papei is not new, but it has not been given 
adequate attention, and because of its importance merits extensive 
stud} Heimbeck ^ in Norway, Ross - m Canada, Shipman and 
Davis,^ and Whitney ^ m this country have sensed the" pi obleni and 
hare suggested corrective measures that are satisfactoiy only in pait, 
because none of these writers has sought to prevent contagion, which 
in my experience is the essence of the question Fuitheimoie, as this 
inquiiy progressed it appeared to me that this might be a study that 
would throw moie light on the pathogenesis of tuberculosis 

The present investigation was undertaken because there seemed to 
be an unusually high incidence of tuberculosis among student muses 
at the Ancker Hospital in St Paul This institution is the city and 
county hospital foi St Paul and Ramsey County It has 975 beds, 
215 of which are devoted to patients with tuberculosis and form the 
Ramsey county sanatorium The nurses for the tuberculosis paiilion 
come from the nurses training school of the hospital and m the mam 
aie fiom lural communities Then average age on entering training 
is from 18 to 20 years The nurses devote approximately four months 
of the three years of training to the care of patients with tuberculosis 
and pait of this training is given the first year 

On looking over the records in the training school office, it was 
found that 42 nurses from a total of 934, or 4 5 per cent, had broken 
down with tuberculous disease from 1920 to 1928, either during train- 
ing or shortly afterward For many years, all nurses entering training 
have been given physical examinations, and beginning m 1926, roent- 
genograms of the chest have been taken Preventive inoculations against 

Submitted for publication, April 18, 1931 

Read before the staff of Lymanhurst School Minneapolis, on Sept 23, 1930, 
the Mississippi Valley Sanatorium Association, at Rockford, 111 , on October 14, 
the Minnesota Society of Internal Medicine at Rochester, Minn , on November 10 
and the Minnesota Pathological Society on Jan 20, 1931 

1 Heimbeck, Johannes Immunity to Tuberculosis, Arch Int Med 41 336 
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smallpox and diphtheiia aie also given, weights aie recorded peii- 
odically, and physical examination lepeated when it is considered neces- 
saiy 

It was thought that loutine skin tubeicuhn tests might throw some 
light on the problem of tuberculosis, so in September, 1928, I began 
to test the incoming class of piobationeis All the tests have been 
given intradermall} , and, with the exception of the first two groups, 
I have used tuberculin made from the H 37 strain of tubercle bacillus 
sent to me by Di Allen K Krause One-tenth milligram has been given 
at the first injection, and if the reaction has been negative the test has 
been lepeatecf in forty-eight hours with a dosage of 1 mg The scale 
for reading the leactions has been essentially that used by Opie and 
McPhedran 

Of the 32 young women entering tiaimng in September, 1928, 10 
gave positne and 22 negative reactions This result was not surpris- 
ing, as it was comparable to the findings of Lees and Myers ® in test- 
ing freshman at the University of Minnesota, a similar age group from 
piactically the same community 

I was curious to know what reaction the remaindei of the train- 
ing school students would show, and was amazed to discover that of 
147 nurses, 143 gave positive leactions and only 4 negative In other 
words, nearly all of the nuises who had been in training for six months 
01 more weie infected, in contrast to an entering group only one third 
of whom were infected 

These findings piovided food foi thought Was it tiue that in 
Minnesota only from 30 to 35 pei cent of the young people i caching 
the twenties had acquiied tuberculous infection^ Slater’s® work tends 
to prove this, and Lees and Myers’ ® observations substantiate it, as do 
those of Laird, Guyei and Bailey,'^ although as late as 1929, Rich and 
McCordock ® spoke of the laie adults “who escape the protective infec- 
tion of childhood ” It is known that tuberculous infection may become 
so thoroughly overcome that the skin leaction becomes negative Opie 
and McPhedran,® Kiause,^® Austrian^’- and otheis have noted this, 

5 Lees, H D, and IMjers, T A Am Rca Tuberc 21 532, 1930 

6 Slater, S A Am Rev Tuberc 10 299, 1924 

7 Laird, A T , Gu 3 ^er, L G, and Badej, W Am Rev Tuberc 24 207, 

1926 

8 Rich, 0 R , and AIcCordock, H A Bull Johns Hopkins Hosp 44 370, 

1929 

9 Opie, E L, and AlcPhedran, F M Am Re\ Tuberc 24 362, 1926 

10 Krause, A K Am Rev Tuberc 11 303, 1925 

II Austrian, C R Tubercle 6 29, 1924 
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although it IS uncommon In m}’- expeiience in folloAMiig up the chil- 
dren who have left the Children’s Preventorium of Ramse}^ County 
since 1915, only 10 of moie than 400 who gave positive leactions latei 
gave negative reactions A peicentage such as this would not mate- 
iially aftect the results noted m the incoming nurses In fact, all the 
evidence points to the conclusions that the incidence of tubeiculous 
infection in young adults of Minnesota is low 

My next thought was whether or not this low incidence of tubei- 
culous infection should influence the selection of the nuismg personel 
for our tuberculosis institutions I think it advisable in all sana- 
toriums and hospitals to give all nurses on enteiing tiaming physical 
and roentgen examinations and to make skin tests An impoirant 
question is whether or not nonreacting nurses should be permitted to 
care for consumptive patients Should such nurses be kept out of 
sanatoriums and away from tuberculosis departments of geneial hos- 
pitals? The old dictum that sanatoriums are the safest places to be 
in so far as tuberculosis is conceined finds little suppoit in this inves- 
tigation Heimbeck’s use of B C G for his nonreactmg nuises is 
hardly wan anted as yet, furthermore, it is the wrong approach 
Institutions can and should be made safe from the standpoint of con- 
tagion, and then there will be less cause to worry about nuises or othei 
employees In the light of present knowledge concerning the immun- 
ology of tuberculosis and m view of the inadequate medical aseptic 
measures now used m most tuberculosis institutions, I am convinced 
that nonreacting nurses who come in contact with tubeiculous patients 
are in a more precaiious situation than the reacting nurses, because a 
large majoiity of the foimer have not had the protective infection of 
childhood Some doubtlessl} will aigue that nomeacting nuises 
should be kept away fiom tubeiculosis institutions, and othei s will con- 
tend that nurses who exhibit a highly allergic state should also be 
excluded fiom nuismg tubeiculous patients These appaient paradox- 
ical points of view will have little support if precautions aie taken 
to protect nuises from fiequent and massive doses of tubeicle bacilli 
Theie must be nurses, so it is necessary to make their working enviion- 
ment safe This implies not only caieful general supei vision of work- 
ing hours, adequate food and opportunities for lest and recieation, but 
connotes rigid contagious technic when the nurses are on duty with 
tuberculous patients 

Since September, 1928, I have been testing all incoming nuises at 
the Ancker Hospital and retesting, ever) six months, those who gave 
a negative reaction An interesting observation has been that those 
oiigmally showing a negative leaction haAe had, without exception, 3 
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or 4 plus reactions when thej- have become positive, which must be 
interpreted as showing recent infection The results of this pei iodic 
retesting is shown in the accompanying chart 

It seemed worth while to test nurses in othei hospitals in St Paul 
to see what the incidence of tubeiculous infection was in institutions 
without tuberculosis depaitments Table 1 shows the lesults of these 

tests 



Chart showing the number of women entering training at Ancker Hospital, 
spring and fall, since September, 1928, the percentage of those who gave positive 
reactions originally and the rapid increase in this percentage at six-month intervals 

Likewise it appeared advisable to investigate a group similar to 
the Anckei nurses The Unnersity of Minnesota Hospital Tiaining 
School offered this oppoitumty, as its nurses are sent to Glen Lake 
Sanatorium for a period of from six to eight weeks The results of 
the test are shown in table 2 

There is anothei gioup of nuises in the Ancker Tiaining School 
that I have tested concerning Avhich it is difficult to diaw conclusions 
Since September, 1928 I hare tested 114 nurses who have been affiliated 
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with the Anckei School or transferied from other hospitals In the 
mam, these nurses have come from small institutions in the Noithwest, 
and the time they have spent m tiainmg elsewhere has vaiied Of 
these 114, 81 gave a positive reaction and 33. a negative one, a per- 
centage incidence of those giving positive leactions of 71 plus It is 
interesting to compaie this gioup with the group fiom othei St Paul 
hospitals 

Since 1928, Dr F F Callahan has been testing muses at Poke- 
gama Sanatorium This is a small piivate institution liaMiig a two 

Table 1 — Showing a Combined Tabulation of Tests of Student Nuises at 
Bethesda, Midzvay, Mounds Paik, St John’s and St Luke’s 
Hospitals in St Paul 


Positi%e Ncg■^tl^c 

A A 



iS umber 


^ 

f 

^ 

Year in Training 

Tested 

Number 

Per Cent 

Number 

Per Cent 

Pirst 

95 

3S 

10 

57 

60 

Second 

79 

34 

43 1 

45 

50 9 

Third 

45 

19 

42 3 

2G 

i 

Total 

219 

91 

41 S 

12S 

5S2 


* The procedure used at Ancker Hospital of testing nurses on entering training and retesting 
c\ery siv months was impossible in these hospitals B\ tabulating according to the a ear in 
training, the intention was to ascertain whether or not the incidence of infection increased with 
the length of time in training 


Table 2 — Shozving Results of Testing Student Nuises fiom the Univeisity of 
Minnesota Hospital Ti awing School'’ 


PositiAC Negative 

Number , * . , * 


Glen Lake Service 

Tested 

Number 

Per Cent 

Number 

Per Cent 

Before 

291 

13S 

47 4 

153 

52 6 

After 

65 

55 

84 6 

10 

15 4 


* No attempt was made to separate this group into jears of training The purpose A\as 
to ascertain the difference, if anj, between nurses who had had, and those who had not had, 
service at Glen Lake Sanatorium 


year training couise which diaws laigely foimer patients as students 
Consequently, the findings m this small gioup would necessaiily vary 
from those in the Ancker group In the past two yeais, 13 young 
women have enteied training at Pokegama Onl} 2 of them gave a 
negative reaction on admission, but the reactions became positive within 
a year In one of those with a positive reaction pleuiisy with effusion 
developed while she was m tiaimng, and in anothei a frank parenchym- 
atous lesion developed, the latter nurse had a sister with pulmonaiy 
tuberculosis and a year befoie entering training this nurse had had a 
definite hemoptysis without othei symptoms 

It appears mcontrovei tible that k\omen entering the nurses’ train- 
ing school at Ancker Hospital ha-\e an aieiage incidence of tubeiculous 
infection of about 30 per cent, and that bv the end of the three year 
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tiaming period, and usually within the first yeai, practically all are 
infected, which is in agreement with Heimbeck’s ^ findings This is 
in staitling contrast to what happens in other hospitals in St Paul, 
then nurses show an incidence of 42 per cent in the last year of tiain- 
ing As all come from a similar age group in the same community, it 
seems fair to assume that the nurses fiom the Ancker Hospital acquire 
infection because part of their training brings them in contact with 
cases of open pulmonary tuberculosis 

As to the technic used in the tuberculosis pavilion of Ancker Hos- 
pital and as to whether or not patients receive instiuctions, all nuises 
going to the pavilion are told that they are handling a communicable 
disease They are instructed and told lepeatedly to wash their hands 
after giving bedside care and before going to meals They are told to 
insist on patients covering the mouth and nose when coughing or 
sneezing They are cautioned to keep their hands away from then 
nose and mouth They wear gowns and gauze masks They receive 
instruction as individuals and in small groups, as well as in formal 
class lectures The patients are given monthly talks by radio cover- 
ing the various phases of tuberculosis, besides innumerable individual 
and ward talks, and they are also encouraged to lead books written 
for patients 

Despite these measures, the nurses become infected and some of 
them massively so One serious obstacle to be oveicome is a psychologic 
one It IS readily appreciated how a nurse in the contagious depart- 
ment, caring for a patient with diphtheria oi scailet fever, would be 
impressed by the acute illness and be meticulous in her personal pre- 
cautions It is just as understandable how she might unconsciously 
become caieless in a ward of consumptives, where the appeaiance of 
some of the patients is such that the uninformed person wonders why 
they are kept in bed 

In order partially to overcome this difficult) and because, after all, 
tubeiculosis IS a communicable disease, may it not be wise to insist 
on the most rigid contagious technic in sanatoriums 'and tuberculosis 
depaitmenls of general hospitals, especially in those communities in 
which the incidence of tuberculous infection m young adults is low^ 
It would impiess nuise and patient alike, and it is my conviction that 
it should be done 

Another factor of importance, particularly in large municipal hos- 
pitals and probably to a less extent m private general hospitals, is the 
unrecognized, undiagnosed case of consumption No nurse can pro- 
tect herself fully against an infectious disease unless she knows what 
type of patient she is nursing The number of persons sent into gen- 
eral hospitals for observation is large Many elderly people are 
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admitted for a \aiiety of complaints who give a history of an appai- 
ently innocuous bronchitis of many 3 eais’ duiation A goodly num- 
ber of persons in the teens are sent to hospitals foi conditions that 
appear to be pneumonia, influenza oi acute bronchitis, but aftei one, 
three or six weeks, it is found that tuberculosis is present This 
unseen danger, the patient with an undiagnosed case of consumption, 
IS a veiy leal one to nuises, and I know from experience that it exists 
in the general wards at Ancker Hospital 

The solution of this difficulty lies to no small degree in fii st, taking 
a roentgenogram of the chest of evei}^ patient admitted to geneial hos- 
pitals, just as uiinalysis, hemoglobin and white cell counts aie made 
so generally, second, mstiuctmg nurses to send to the laboiatoi) 
all sputum that the patients ma}^ laise These two measures should be 
incorporated into the routine of evei^ hospital, as the} -would largely 
eliminate the menace of uniecognized consumption At Ancker Hos- 
pital these measures, along with contagious technic in the tuberculosis 
department, are to be established for a trial peiiod of at least two 
years, during which I shall continue the tests and examinations 
desciibed previously to note any change in the incidence of tubeiculous 
infection and disease An attempt is also being made to i educe the 
time each nurse spends m the tuberculosis department 

The roentgenograms of the chests of the Anckei group were studied 
and compared with the results of cutaneous tests This inquiry was 
not wholly satisfactory, because in a film taken with the usual technic 
root shadows are notoriously variable, and the presence of calcification 
IS not always certain In two instances calcified foci in the paien- 
chyma were noted m nurses giving a 3 plus Ten nurses showed 
diaphragmatic adhesions , fii e of the nurses gave positive i eactions and 
five did not Two parenchymatous infiltrations were noted, one positive 
and one negative which latei became positive (case 4) The nuise 
with the parenchymatous lesion and positne skin test was peimitted 
to continue working, as she was free fiom simptoms, the lesion has 
faded gradually to the point of being barely peiceptible I have begun 
to make repeated loentgen examinations of nuises who oiigmall\ 
gave negative reactions as their reactions become positive, to see 
whether a childhood t}pe of lesion develops This imestigation ■'vill 
be reported on later, so far it has reiealed little, if an} thing 

The incidence of tuberculous disease among nurses has not been 
clearly established In 1925 Button and Bollman^- stated that 2 2 
per cent of all nuises employed in Chicago had tuberculosis Henn- 
beck^ found that 12 per cent of student nurses over a peiiod of foiii 

12 Britton, J A , and Bollman, E B Tr Nat A Prev Tuberc , 1925 
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}eais developed the disease Shipman and Davis® found that 2 6 pei 
cent of nuises in the University of California Training School 
developed tubeiculosis ovei a peiiod of six years In the Eppendoif 
Hospital, Much^® found that the peicentage incidence up to 1918 was 
1, and that aftei the wai it lose to 4 6 Ross ® found that 6 per cent 
of 800 nurses in the province of Manitoba had developed tuberculous 
disease ovei a foui year period Against these figuies there is the 
statement of Whitney^ “that in the geneial population even with the 
very high death rate among young women from tubeiculosis only about 
1 5 per cent of them may be expected to de\ elop tuberculosis ” 

What has happened to the 110 nuises who have entered training 
in the last two yeais at Anckei Hospital aside fiom their acquiring 
tubeiculous infection? In 6, oi 5 5 pei cent, tuberculous disease has 
de\ eloped This incidence is m contiast to the fact that in the other 
hospitals in St Paul in ivhich I have made tests no nurses have 
developed tubeiculosis Of the 6 nuises who had tuberculosis, 3 had 
pleuial effusions, 2 pai enchymatous lesions of the lungs of the adult 
t>pe and 1 a lesion of the lower lobe, appaiently of the childhood type 
Five of these 6 nuises gave negatne cutaneous leactions to 1 mg of 
old tubeiculin when they enteied tiainmg Abstiacts of their his- 
tones aie inteiesting 


REPORT or CVSES 

Case 1 — M F , aged 20, entered training in Februarj', 1928 There was no 
tuberculosis in the family nor any known contact The patient gave a negative 
reaction to 1 mg of old tuberculin injected intradermally in September, 1928 
Physical examination and roentgenograms of the chest were negative 

The past history was unimportant In January, 1929, the patient began to 
ha^e pain in the right side of the chest, and shortly afterward she became short 
of breath on exertion and noticed fever She was admitted to the hospital as a 
patient acutely ill, and effusion in the base of the right lung was found The 
cutaneous reaction to 0 1 mg of old tuberculin was 3 plus at that time Diagnostic 
thoracentesis revealed serous fluid, no organisms were found Lymphocytes pre- 
dominated on the smear Inoculation of a gumea-pig gave negative results 

Case 2 — M O’D , aged 21, entered training in September, 1928 There was 
no tuberculosis in the family nor any known contact The patient gave a negative 
reaction to 1 mg of old tuberculin, a ph 3 Sical examination and a roentgenogram 
of the chest gave negative results 

The past history was unimportant In January, 1929, the patient began to have 
pain in the left side of the chest She continued her work until klay, 1929, when she 
had pain in the right side of the chest with unproducti-ve cough She was admitted 
to the hospital as a patient acutely ill, and pleural effusion of the right lung was 
found On admission the cutaneous reaction to 0 1 mg of old tuberculin was 3 plus 
The pleural fluid v as serous and contained no organisms , Umphocytes predominated 
on the smear Inoculation of a guinea-pig gave negative results 


13 Much, H Beitr z Kim d Tuberk 64 155, 1926 
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Case 3 — E C, aged 20, entered training in September, 1928 There was no 
tuberculosis in the family nor any known contact The reaction to 1 mg of old 
tuberculin w as negative , physical and roentgen examinations gave negative results 
The past history was unimportant In December, 1929, the patient began to 
lose weight She had frequent colds In May, 1930, she had pain in the chest 
She reported for examination in July, 1930, when a definite parenchymatous lesion 
was found in the upper lobe of the right lung with a 3 plus reaction to 0 1 mg of 
old tuberculin 

Case 4 — G S, aged 21, entered training m September, 1929 Her mother died 
of pulmonary tuberculosis ill 1924 One maternal uncle had pulmonary tuber- 
culosis There was no reaction to 1 mg of old tuberculin The results of the 
physical examination were negative, but the x-ray films showed a small parenchym- 
atous lesion in the apex of the right lung 

The past history was unimportant The patient was admitted to the hospital 
as a patient in Januarj'', 1930, because of fatigue, loss of weight and fever in the 
afternoon Roentgenologic indications of tuberculosis increased, the patient gave 
a 3 plus reaction to 0 1 mg of old tuberculin 

Case 5 — A E, aged 20, entered training in 1929 There was no tuberculosis 
in the family nor any known contact The reaction to 1 mg of old tuberculin 
was negative, the results of physical examination and roentgenograms of the chest 
were negative 

The past history was unimportant In April, 1930, the patient began to tire 
easily, and found that she had a temperature ranging from 99 to 100 F m the 
afternoon, at no time was she acutely ill She had a cough, with mucoid expec- 
toration There were physical signs at the base of the right lung, dulness, breath 
sounds suppressed and pleural friction X-ray films showed a diffuse, dense, 
homogeneous shadow at the lower lobe of the right lung Thoracentesis did not 
reveal fluid The patient showed a 3 plus reaction to 0 1 mg of old tuberculin 
Case 6 — F B , aged 20, entered training m September, 1928 Her maternal 
uncle had tuberculosis and visited in the home of the patient when she was from 
8 to 12 years old No record of a tuberculin test was made in September, 1928, 
but in October, 1929, the reaction was positive 

The past history was unimportant The present illness began about June 5, 
1930, when the patient experienced sharp pain in the chest On July 13 she was 
admitted as a patient acutely ill, with a temperature in the afternoon as high as 
103 F , the cough was unproductive There were signs of pleural effusion in the 
left side of the chest Diagnostic thoracentesis revealed serous fluid which con- 
tained no organisms, lymphocytes predominated on the smear Inoculation of a 
guinea-pig gave negative results 

In all of the cases reported, the muses have lecovered or are aoing 
so, and at this time it seems that they will be able to complete their 
training 

Again one notes the substantiation of Heimbeck’s ^ leport to a large 
degree Obviously, at least, as shown thus far, it is in the mam those 
w ho oiiginally gave negative leactions m whom tuberculous disease devel- 
ops, in some instances within a very short time after exposure Certainly, 
in adults it does not always require many months for tuberculous dis- 
ease to develop, and it may develop soon after primary infection Gor- 
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don and Cashman,“ Non is and Landis/^ Ross,= and others ha\e 
expressed the belief that tubeiculosis does not develop among nuises 
doctors and other emplo}ees who are working in tuberculosis institu- 
tions, but this is happening to nurses at Ancker Hospital, and it is 
stretching one’s credulity too far to assume that in this respect Anckei 
Hospital IS unique among American institutions 

It IS interesting to speculate why the six women became ill The} 
are from a group which, for its age, is as well controlled as possible, 
and which has a very uniform environment for over three years Two 
came from families with tuberculous histones (cases 4 and 6) All 
were apparently healthy and robust without serious past illnesses 
They worked the same number of hours in an identical occupation, 
ate the same kind of food and slept in similar quarters as the nuises 
who did not become ill JCrause and Willis’^® have stated that “under 
certain circumstances frequently repeated specific reinfection does 
depiess both allergy and immunity” and that “specific intoxication is 
a potent factor in unfavorably influencing immunity” They also 
belieie, “there is a dosage of reinfection and a spacing of intervals 
between reinfections one of which is always correlated with the other 
which are favorable for the highest development and increase of alleig} 
and immunit} — but there is also a dosage and a spacing which will 
depiess and (perhaps) destroy each” Is it not probable that the 
latter tipe of treatment has been given to the nuises of the Ancker 
Hospital who have become ilH Is it also not probable that if these 
women had had an earlier mild infection they would not have become 
ilH Fill thei more, is it not most likel} that had these nurses had the 
piotecting advantage of stiict medical asepsis, they would have been 
subjected to fewei and lighter doses of bacilli, theieby escaping tiibei- 
culous disease^ Of course, factually, one finds oneself confronted with 
two totall} unknown and perhaps unknowable factois the bacillai} 
dosage that these nurses received and something called individual 
resistance, which must vary somew^hat in each one of us It is within 
our pow’^ei now to control the first factor, peihaps some day in the 
futiiie we shall be able to define, estimate and enhance the second 

CONCLUSIONS 

1 Thiit} per cent of the nuises entering Ancker Hospital Tiain- 
ing School show^ positive reactions to the intradermal tuberculin test 

2 Piactically all nurses at Ancker Hospital show a positive cutane- 
ous leaction to tuberculin befoie completing training 

14 Gordon, B, and Cashman, W M Tuberculosis in Workers After Resi- 
dence in a Tuberculosis Hospital, J A M A 1643 (Ma} 24) 1930 

15 Korns, G W , and Landis, H R M Diseases of the Chest ed 3, Phila- 
delphia W E Saunders Company, 1929, p 335 

16 Krause \ K and Willis, H S Am Rev Tuberc 14 3^, 1926 
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3 Nurses in fi-ve other general hospitals in St Paul leveal an 
average of 42 per cent reacting positivel} to tuberculin given nitiader- 
mally in their last year of tiaming 

4 In 6 of 110 nurses, or 5 5 pei cent, entering Ancker Hospital 
in the past two }ears tuberculous disease has developed, five of them 
gave negative reactions on entering training and three of them had 
pleurisy with effusion 

5 Tubeiculosis saiiatoriums and tuberculosis depaitments of gen- 
eral hospitals should employ rigid contagious technic, especially in those 
communities in which the incidence of tuberculous infection among 
young adults is low 

6 All patients enteiing all hospitals should have a roentgenogi am 
of the chest made as a routine procedure 

7 All sputums should be sent to the laboratory by muses 

8 It IS hoped that studies similar to this one, with the inclusion 
of medical students, interns and other hospital employees, will be undei- 
taken m other institutions 

Drs Elizabeth A Leggett and E G Hubm, Fellows at Pokegama Sanatorium, 
and Dr F M Feldman rendered assistance during some of the testing 



THE ABSORPTION OF GAS FROM ANY CLOSED 
SPACE WITHIN THE BODY 
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AFTER PNEUMOTHORAX " 
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AND 

MALCOLM C HENDERSON, PhD 
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The absorption, tianspoitation and elimination of gases in the liv- 
ing body have long been subjects of theoietical interest and extensive 
investigation They have now become matteis of gieat clinical impoi- 
tance also This is especially the case in regard to two conditions which 
appear at first sight to be diametrically opposed to each other in all 
essential characteis They are the collapse, or atelectasis, of a lung 
when a bronchus is closed, and the reexpansion of a lung that has been 
collapsed by pneumothoiax The foices involved can both inflate and 
deflate a lung 

It is therefore timely to set forth the mechanics of gas absorption 
fiom a lung or from any cavity in the body in which an or any other 
gas happens to be occluded In the development of atelectasis the fiist 
stage is the complete shutting off and cessation of ventilation in a pait 
or the whole of a lung^ The air then gradually disappears and pio- 
duces collapse of the part In this absorption of gas theie is nothing 
peculiar to the lungs The same process of absorption acts through- 
out the entile body, for air, or any other gas, introduced into any cavity 
01 tissue of the body gradually disappears The same foices that pio- 
duce atelectasis when a Dronchus is blocked induce also the absorption 
of air or any other gas in a pleuial space after a therapeutic pneumo- 
thorax As the gas is absorbed fiom the pleural space the collapsed 
lung IS drawn outwrard and thus lemflated In the one case an occluded 
lung IS collapsed , in the other a collapsed lung is reexpanded But the 
foices of absoiption of gas are the same in both cases 

GAS PRESSURES IN LUNGS AND BLOOD 

Knowledge of the pressures and movements of the lespiiatoi) gases 
of the blood has been won by the aidiious labors of manj investigatoi s 

* Submitted for publication, April 17, 1931 

■^From the Laboratory of Applied Physiology and the Sloane Physics Lab- 
oratory, Y'ale University 

1 For references to the literature, see Henderson, Yandell Acapnia as a 
Factor in Postoperative Shock, Atelectasis and Pneumonia, T A M A 95 572 
(Aug 23) 1930 
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Pfluger, Bohr, Haldane, Barcioft, Hasselbalch, Haggaid and Hendei- 
son. Van Slyke and others, and is one of the most highly developed 
fields of physiology- In the mam these investigations ha-ve tiaced 
the behavior of the gases m noimal lespiiation, but the knowledge 
won may be applied to abnoimal piocesses as well The mam points 
involved are as follows 

In normal air at sea level there aie appi oximately pressures of 160 
mm of oxygen, 600 mm of nitrogen and 0 3 mm of carbon dioxide 
Each of these components is teimed the paitial piessure of the pai- 
ticular gas Their sum total, plus a vaiiable amount of watei vapoi, 
IS the barometric pressure, which at sea level varies aiound 760 mm 

During normal breathing theie aie m the alveolar air of the lungs 
(partial) piessures of about 100 mm of oxygen, 40 mm of caibon 
dioxide, and 570 mm of nitiogen, plus 50 mm of water vapoi As 
ail passes freely m and out of the lungs, the total gas pressuie m the 
alveoli IS necessarily that of the outside air 760 mm The blood flows 
from the lungs to the left side of the heait and on into the aiteiial sys- 
tem containing oxygen, nitrogen and caibon dioxide at almost exactly 
the same pressures that these gases have in the lungs 

In the tissues the blood loses oxygen and takes up a somewhat 
smallei amount of carbon dioxide, depending on the respiiatoiy quotient 
at the time But as the blood holds these two gases by two distinct 
mechanisms — oxygen combined with hemoglobin and carbon dioxide 
largely as sodium bicarbonate — the piessure of oxygen is loweied much 
more than that of carbon dioxide is laised Indeed, owing to the 
interaction of these gases in the blood (the Bohr-Haldane lecipiocal 
eftects), a consideiable amount of caibon dioxide may be taken up 
with little or no increase of its piessure, if theie is simultaneously a 
consideiable decrease of the oxygen content of the blood 

For these reasons the venous blood returns to the lungs ivith its 
oxygen at the approximate piessure of only 40 mm a low^ering of 60 
mm below the pressure of ox 3 fgen in the aiteiial blood The piessure 
of carbon dioxide is simultaneously inci eased, but to a much less 
extent, using only 6 mm or less It is 40 mm in the aiteiial blood 
and 46 mm or less in the venous The pressure of nitrogen is 
unchanged, 570 mm in both aiterial and venous blood The piessure 
of water vapor is also unalteied at 50 mm , as it is determined solely 
by the temperature 

2 For reviews of the literature, see Haldane, J S Respiration, New Haven, 
Conn , Yale University Press, 1922 Henderson Y , and Haggard, H W 
Noxious Gases and the Principles of Respiration Influencing Their Action, Amer- 
ican Chemical Societv Monograph Series, New York, Chemical Catalog Companj^ 
1927 Campbell, J A Gas Tensions in the Tissues, Phj'siol Rev 11 1 (Jan ) 
\931 
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The total of the piessuies (40+46-}-570+50 mm ) for venous 
blood IS thus onl} 706 mm , while the total alike for the aiteiial blood, 
the alveolai an and the air piessing on the body fiom without is 760 
mm This deciease of total gas piessuie of about 54 mm in the 
venous blood, due to the exchange of oxygen and carbon dioxide, 
plays an essential part in the normal piocess of respiration It is 
also the factor which prevents the development or maintenance, except 
tempoiaiily, of any gas-filled space in the body This difference of 
gas pressure induces the absorption of gases from the pleural cavity in 
pneumothorax Unfoitunately it is also a factoi of critical impoi- 
tance in the production of atelectasis in an} poition of the lung which 
tor a time is not ventilated 

As the total gas piessure in the venous blood is always less than 
that of the outside an, it is impossible foi occluded gas in any part of 
the body evei to come into such equilibrium with the venous blood that 
it continues unabsorbed To be in equilibrium the total pressure of 
the occluded gases would have to be only 706 mm But the pressure 
of the outside air acting through the soft tissues of the body com- 
presses any gas-filled space until its pressuie is 760 mm The total 
gas pressure in the space is then about 54 mm higher than the total 
gas pressure in the venous blood flowing through the tissues sur- 
loundmg it This difference of gas piessuie leads to absorption, more 
01 less rapid, depending on the solubility and diftusibility of the various 
gases 

THE PROCESS OF GAS ABSORPTION 

The details of the piocess of absorption in the development of 
atelectasis are, however, somewhat more complicated than this gen- 
eial explanation would indicate As thiee gases are involved with 
different degrees of solubility and lates of diffusion through moist 
membranes, the piocess of absoiption occuis in two distinct stages 
During the first stage, immediately aftei a bionchus is occluded, the 
oxygen in the alveolar an at a pressure of 100 mm diffuses into the 
(venous) blood in which the oxygen piessuie is only about 40 mm 
Simultaneously, caibon dioxide diffuses from the blood into the 
aheolar air, but in less amount, since the diffeience of pressuie of 6 
mm in the blood and in the air is quickly equalized Only a few 
seconds are lequired foi the occluded air in this way to lose oxygen 
to the blood from a pressuie of 100 mm to 40 mm , and for caibon 
dioxide to inciease in the an fiom 40 mm to 46 mm If the lunsr were 

o 

a iigid box there would thus be induced a deciease of total pressure 
of 54 mm But, as the lung has a structuie which yields readily to the 
slightest change of pressure, what actually occurs is a decrease of 
■\ olume 
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There is now less gas in the occluded lung than initiall} and its 
volume IS decreased But the total gas pressuie within it is nearly the 
same as before The piessure of the air in the normal lung is 760 
mm, and the pressuie on the exterior of the bod), which is tians- 
mitted thiough the abdominal visceia on the diaphragm, is also 760 
mm The occluded lung theiefoie shiinks, or is compiessed by the 
pressure in the normal lung and that on the abdomen, until the piessuie 
within the occluded lung is also 760 mm , minus a small force due to 
the elasticity of the othei lung The fiist decrease of ^olume in the 
occluded space is now complete and a second stage then sets m 

absorption of nitrogen 

As nitrogen is much less soluble and therefoie diffuses thiough 
the membranes of the lung moie slowly than the othei gases, the 
amount of nitrogen m the occluded an is at first little changed But, 
as the volume of the occluded lung has decreased, the unchanged amount 
of nitrogen in it is compressed into a smaller space For this leason 
the partial pressuie of the nitiogen is inci eased 

The pressure of mtiogen is now 624 mm , -which is 54 mm higher 
than it was originally and 54 mm higher, theiefore, than the pressure 
of nitrogen m the venous blood It is highei, in fact, by exactly the 
amount that the sum of the partial pressures of oxygen and caibon 
dioxide has fallen The piesstires m the occluded lung are then 
oxygen 40 mm , carbon dioxide 46 mm and nitrogen 624 mm , plus 
w^ater vapor 50 mm (total 760 mm ), w^hile the pressuie of nitrogen 
in the blood is still 570 mm Undei this diffeience in the pressuie of 
mtiogen in the occluded an and that in the blood, this gas graduall} 
diffuses from an to blood and is cairied away by the circulation As 
this occuis the pressuies of oxygen and caibon dioxide are left a 
little above those m the venous blood, and these gases also pass fiom 
air to blood, for the total pressuie in the occluded air is always nearly 
760 mm Meanwhile, owing to the continued absorption of the oxygen 
from the blood m the tissues, the piessure continues to be only 706 
mm 111 the venous blood flowing through the occluded lung 

This process continues until no gases are left, for the oxygen and 
caibon dioxide are alw^ays slightl}, and the mtiogen considerably, above 
the pressure of each in the venous blood Meanwhile the barometric 
pressure of the atmospheie, acting through the open paits of the lung 
and on the abdomen, presses the mediastinum over and the diaphragm 
up, until complete collapse of the finalh apneumatic lung or lobe 
1 esults The alveolar surface and the blood flow^ are both large, and the 
absorption is theiefoie rapid 

If, instead of the air being occluded in a lung, the condition is that 
of a therapeutic pneumothorax, the air in the pleural space is giadually 
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absorbed into the venous blood The collapsed lung is leexpanded 
simultaneous!}^ by atmospheric pressuie, provided that the outside air 
can enter its aiiways and alveoli fieely But the suiface and blood flow 
in the pleuia are less than within the lung, and the absoiption is theie- 
fore slower 

If, instead of a sea level baiometiic piessure of 760 mm , the 
prevailing barometer is consideiably lowei, as it is in mountain alti- 
tudes, the process of gas absoiption occuis in essentially the same 
mannei as at sea level Indeed the oxygen piessure of the venous 
blood tends to fall e-ven furthei below that of the arterial blood than 
it does when the oxygen in the an breathed is at its sea level value 
Thiough the interaction of oxygen and caibon dioxide in the blood 
the pressuie of carbon dioxide is also i educed The absorption of 
gas fiom any occluded space is thus accelerated This fact may explain 
wh} pneumonia commonly assumes a fulminating chaiacter in elevated 
localities 

On mechanical grounds no othei mechanism than that actuated by 
these gas pressures is needed to account fully for the process of gas 
absoiption in an occluded lung oi in a pleural space In the absorption 
the hydrostatic piessure of the blood in arteiies, veins and capillaiies, 
the so-called blood pressuie, plays no pait whateAer Blood pressures 
are the means by which the flow of blood around the circulation is 
induced, but they aie not factors in the diffusion of gases 

Not only does the foregoing desciiption fit the lequirements of 
theoiy, but it is also in accoid with a wide lange of physiologic and clin- 
ical observations by many investigators In particulai it is in accord 
with the recent observations of Coryllos and Birnbaum ® on the con- 
ditions in an occluded lung during the development of atelectasis 

CONCLUSION 

The development of atelectasis is explainable on the basis of well 
established piinciples of physiolog} The foices involved are essen- 
tially the same as those that control the diffusion of gases in noimal 
lespiration The same principles and foices account also for the 
absorption of air from a pleural space after a therapeutic pneumo- 
' thorax, and indeed for the absorption of gas from any space in the 
body 

The pressure of oxygen m venous blood is about 60 mm lower 
than in arterial blood The pressure of caibon dioxide is onl} about 
6 mm higher in venous blood than in arteiial blood On this account, 

3 Coryllos, P N , and Birnbaum, G L Alveolar Gas Hxchanges and Ate- 
lectasis The Mechanism of Gas Absorption in Bronchial Obstruction, Arch Surg 
21 1214 (Dec) 1930 
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the total gas piessuie in venous blood is always consideiably less 
(60 — 6 = 54 mm ) than the total gas pressure of the atmospheie on 
the exterioi of the body The pressure of an in the lungs and of the 
atmosphere on the outside of the body compresses any gas-filled cavit} , 
such as an occluded lung or pleural space, until the total gas piessuie 
within it IS nearl}" the same as that of the atmosphere This piessuie 
IS theiefoie higher than the total gas piessure in the venous blood 
Each gas then diffuses into the blood at a rate dependent on its own 
paitial piessuie, its solubility and the capacity of the blood foi it 

As lapidly as gas is absorbed, the cavity is compressed by the 
pressure of the atmospheie on the soft tissues As oxygen and carbon 
dioxide are absorbed quite readily, the partial piessure of nitiogen in 
the occluded air is thus raised above the pressuie of this gas m the 
hlood, and it giadually diffuses and is carried away by the blood The 
lapidit}^ of absoiption is determined by the vasculaiity and suriace aiea 
of the pait 

In the absoiption of gases, blood piessure is not at all iinolved 
The only forces acting are the pressures of the gases m the occluded 
space and m the blood, and the atmospheiic pressure in the noimal 
parts of the lungs and on the exteiior of the body 
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Leukopenia accompanies iiumeious infectious and toxic conditions 
However, the diminution m the number of the white corpuscles is often- 
times only transitory, and the diop in the leukocyte count, although it 
may have considerable prognostic significance, is not regarded as any- 
thing more than a symptomatic indication of a variety of disorders 

Recently, however, a condition has been described in which the 
outstanding characteristic, persisting until death of the patient, is the 
disappearance from the circulating blood of the polymorphonuclear 
leukocytes (gianulocytes), the erythropoietic and lymphopoietic sys- 
tems being but slightly affected The clinical picture of the disease, as 
desciibed by various authois, resembles that of a severe infection with 
fever accompanied by necrotic changes in various mucous membianes, 
particulaily those of the buccopharynx The patients, in the majoiity 
of instances women, not uncommonly develop jaundice The disease 
IS fatal in about 90 pei cent of the cases Blood cultuies duimg life 
or post moitem aie either sterile or yield vaiious micro-oiganisms such 
as streptococci, B coli or B pyocyaneus 

Since Schultz’ ^ original description in 1922, the disease has been 
designated as agranulocytic angina, agranulocytosis, malignant neutro- 
penia or aplastic leukopenia or neutropenia As stated, pathologic and 
hematologic investigations, performed on human material, have failed to 
disclose the etiologic factor of the malady 

In the experiments to be reported, an attempt was made to repro- 
duce in animals a septic disease and to study the possible lelationship 
between the hematopoietic system as seen in agi anulocytosis in man 
and that of this form of sepsis found in the animal 

MATERIAL AND TECHNIC 

Full grown rabbits weighing from 1 5 to 2 Kg were used in the experiments, the 
animals being fed on oats, ha}' and small amounts of green vegetables 

'■ Submitted for publication, March 7, 1931 

■*= From the Medical and Pathological Departments of the Beth Israel Hospital 

1 Schultz, Werner TJeber eigenartige Halserkrankungen Gangraneszierende 
Prozesse und Defekt des Granulosystems, Deutsche med Wchnschr 48 1495, 1922 
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Salmonella suipestifer, secured from the American Type Culture Collection, was 
chosen, first because this micro-organism has been described bv some w'orkers - as 
having a special affinity for the myelopoietic S 3 ^stem, leading to a neutropenia of 
the infected animals, second, because of our intention of inaugurating a stud} of 
the hematologic findings in experimental sepsis by the use of a micro-organism that 
IS essentially pathogenic for animals 

The salmonella was grown on plain agar slants, and a twenty-four hour old 
culture uniformly suspended in physiologic solution of sodium chloride was used 
m the experiments 

The number of bacteria m the suspension was counted before each experiment, 
and 1 cc of the solution was injected into the marginal vein of the rabbit’s ear 
Leukocyte counts and blood smears from the peripheral blood were made at differ- 
ent intervals after the hematogenous infection The dry films were studied wuth 
Wright’s stain, preparations also being made with the supravital technic of Sabin 
The bone marrow and other tissues were fixed and stained with the customary 
methods The animals were killed by air embolus at different intervals after the 
infection, ranging from five minutes to several days 


EXPERIMENTS 

The expel iments may loughly be divided into two giotips accoiding 
to the numbei of bacteria injected (1) lelatively small doses, i e, 
between 200,000,000 and 500,000,000 bacteiia, and (2) laige doses, 
1 e , between 2,000,000,000 and 5,000,000,000 micio-organisms 

The following is a lestime of protocols illustrative of the entiie 
senes of experiments 

Group I (relatively small doses) — Rabbit 169 (fig 1) — This animal, infected 
with 200,000,000 organisms, died in four da}s Slight leukopenia due to decreases 
m granulocytes and lymphocytes developed within a few minutes Immature poly- 
morphonuclear leukocytes began to increase within an hour and reached their peak 
in three hours and forty minutes, when the leukocyte count was 10,400 per cubic 
millimeter After forty-eight hours there was a marked increase in both poly- 
morphonuclear leukocytes and lymphocytes 

The reaction of the monocytes is of interest m this case In three hours and 
forty minutes after infection, there was a sudden rise m these cells so that they 
outnumbered the lymphocytes In twenty-two hours, macrophages containing 
phagocytosed erythrocytes could be seen m the blood smears From that time on 
their presence m the differential count was considerable, and at the seventy-fifth 
hour following the infection they made up almost one half of the total leukocytic 
count, outnumbering by far the lymphocytes The animal died at the end of the 
fourth day, although before death there occurred a very marked rise in the following 
white blood cells granulocvtes, bmphocytes and monocytes The leukopenia, 
which developed soon after the infection, was not markedly pronounced, being 
followed by an increased production of granulocytes and by a marked histio- 
monocytosis Examination of the bone marrow after death of the animal showed 
areas of patchy necrosis involving mostly the granulocytic elements These areas 
of degeneration were surrounded bv’^ masses of proliferated reticular cells obliterat- 

2 Lewis, Paul A , and Shope, Richard E The Blood in Hog Cholera, J 
Exper Med 50 719, 1929 
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mg the normal structure of the marrow (fig 2) The erythropoietic cells and 
the megacar 3 mcytes were practically unaffected 

Rabbit 170 (fig 3) — This animal, infected with 300,000,000 organisms, died six 
days following the infection A progressive decrease m white blood cells was 
noticed, beginning a few minutes after infection, reaching its height at four hours 
and forty minutes Reduction m granulocjdes w^as, however, most marked at one 
hour On the day follownng the administration of bacteria, there was a marked rise 
m granulocjtes due to bone marrow activity as evidenced by the marked increase m 
the number of immature polymorphonuclear leukocytes At fifty-two hours and m 
fi^e dajs there were again decreases m granulocytes, but these were transitory 
Just before death, a sudden rise m leukocytes, due principally to the rise m granulo- 
cytes, occurred The lymphocytes were ordinarily diminished during most of the 
course of the disease Here, too, as m rabbit 169, the monoc 3 dic response became 
important Thus, beginning at twenty-two hours, there was a noticeable increase m 



these cells, and m the last two days of the rabbit’s illness they tended to outnumber 
the I 3 mphocytes On the fifth day following infection, they represented exactly one 
half of the total number of the white blood cells Phagocytic macrophages appeared 
m large numbers during this time The increase m monocytes and the slight 
I 3 mphoc 3 dopenia w^ere reminiscent of the inci eased ratio of monocytes to lympho- 
cytes, which has been emphasized by Sabin and her associates ® in infection w'lth 
tubercle bacilli Postmortem examination of tbe bone marrow showed changes not 
unlike those found m the previous animal 

Rabbit 173 (fig 4) — This animal, infected with 500,000,000 organisms, died 
ele^ en da 3 s after the infection There was a rapid fall m the total number of the 
wdiite blood cells from the original of about 5,000 to 2,000 per cubic millimeter m 
two hours and thirty-five minutes This was due chiefly to a fall m granulocytes, 
although the lymphocytes also became reduced At three hours and fifty minutes 
there w'as a sudden increase m immature polymorphonuclear leukocytes which 

3 Cunningham, R S , Sabin, F R , Sugiyama, S , and Kindwall, J A The 
Role of the klonocyte in Tuberculosis, Bull Johns Hopkins Hosp 37 231, 1925, 
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Fig 2 — Small areas of necrosis of the bone marrow (indicated by arrows) sur- 
rounded by proliferated reticular cells The erythroblastic tissue and the mega- 
caryocytes are not affected Hematoxj hn and eosin , X 600 


! 
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reached its peak in five hours and twenty minutes This resulted in an increase in 
the total number of the white blood cells At twenty-four hours, however, there was 
evidence that the granulocytes were again becoming diminished, and at forty-eight 
and seventy-two hours, respectively, there was a marked diminution in these cells 
At twenty-four hours, monocytes and histiocytes became markedly increased, so 




Fig 4 — Blood picture of rabbit 173 


that at times during this period they outnumbered the lymphocytes The latter 
cells, which had been normal or somewhat reduced in number, became definitely 
increased in number beginning with the fifth day following infection, reaching their 
peak on the seventh day On the twelfth day following infection, the animal died, 
the leukocyte count being fairly high and all the leukocytic elements being well 
represented Postmortem examination of the bone marrow showed islands of 
necrosis of the leukopoietic elements 
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Rabbtl 181 (fig 5 ) —This labbit was infected with 100 , 000,000 micro-organisms 
It reco\ered from the infection and w'as obser\ed o\er a period of twentj da3S 
One hour after infection there w'as a marked fall m the wdiite blood cells due 
mamlj-- to a decrease in the granuloc3'tes, although the l3^mphoc3des also tvere 
diminished This was followed 1)3^ an outpouring of immature polymorphonuclear 
leukocytes after tw'O hours, resulting in a marked rise in the white blood cells 
Again on the second da3^ a secondary fall in the wdnte count took place due chiefly 
to diminution in granuloC3des kIonoc3des began definitely to increase in about six 
hours and from that time represented a large factor m the differential count, out- 
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Fig 5 — Blood picture of rabbit 181 
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numbering the lymphocytes at various times from one hundred and twent3 hours 
on L3mphocytes began to increase consistently after the first monoc3tic rise, 
finally reaching a fairly constant level of 5,000 per cubic millimeter In this animal 
there w^as first leukopenia due to granulocytopenia and lymphocytopenia This w'as 
follow'ed b3 an increase m immature P0I3 morphonuclear leukocytes, resulting m a 
normal or an increased count of the white blood cells wdiich m turn w'as follow^ed 1)3' 
an increase m 111011003 tes and finally by an increase 111 I3 mphocytes 

Stinnnai y The animals of this group, given a relatively small dose 
of bacteiia, developed an initial leukopenia and granulocytopenia within 
thiee houis This was soon follow'ed bt' an outpouring of immatuie 
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granulocytes and in about twenty-four houis by a marked increase in 
monoc3ftes and liistioc}tes The lattei frequentl} contained phago- 
cytosed mateiial Lymphocytosis developed after several days The 
animals died usuall} in fiom four to eleven da}^s aftei infection, one 
animal lemaining alive after twenty days Postmoitem examination 
of the bone mairou showed patchy areas of neciosis with areas of 
prohfeiation 

Group II (large doses) — Rabbtt 164 (fig 6) — This animal was given an injec- 
tion of 2,000,000,000 bacteria and killed about thirty minutes after the infection 
Within a period of twenty minutes, the original count of 4,500 white cells per cubic 
millimeter dropped to 1,400 per cubic millimeter A differential count of the white 
corpuscles revealed that at this time the granulocytes numbered 182 per cubic 
millimeter, as compared with the original count of 3,150 per cubic millimeter 

Rabbit 165 (fig 6) — This rabbit was given an injection of 4,000,000,000 micro- 
organisms and killed about twenty minutes later Counts made before the injection 
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Fig 6 — Blood pictuie of rabbits 164, 165 and 166 

show'ed that the leukocytes numbered 3,600 per cubic millimeter wuth 1,944 granu- 
locytes Fifteen minutes following the infection, the white cell count was 1,500 per 
cubic millimeter with only 285 granulocytes There was no change m the number 
of lymphocytes 

Rabbit 166 (fig 6) — This animal was inoculated with 5,000,000,000 bacteria and 
killed about forty minutes later Before injection, the total wdiite cell count of this 
animal show'ed 4,800 leukocvtes with 1,368 granulocytes per cubic millimeter 
Within thirty minutes after injection there occurred a sharp fall of the leukocytes 
which numbered onlj 1,300 per cubic millimeter, the granulocytes had almost 
entirel}^ disappeared from the circulation, and there also was some diminution m the 
number of the lymphocjtes 

Rabbit 174 (fig 7) — This animal was given an injection of 5,000,000,000 
bacteria The normal count of 8,200 white cells per cubic millimeter dropped to 
4,200 wnthm forty-five minutes, and the premjection count of granulocytes of 3,854 
per cubic millimeter fell to 2,500 Seventy minutes after the injection, there was 
halving of the normal white cell count, and the granulocytes numbered 840 per 
cubic millimeter In the following minutes, the leukocytic count was showing 
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rapid diminution, the total white cell count numbering 1,400 per cubic inilhmeter 
uith onlj 415 granulocytes At this period a few immature granulocites began to 
appear m the circulation There was a rerj-- moderate diminution in the number oi 
the l 3 'mphocj tes 




Fig 8 — Blood picture of rabbit 163 


Rabbi f 163 (fig 8) —This rabbit received an injection of 4,000,000,000 bacteria 
The normal white cell count was 7,000 per cubic millimeter, the differential count 
of these showing 40 per cent granulocytes, 55 6 per cent lymphocytes and 4 4 per 
cent monoc} tes Thirh minutes after infection the leukocytic count fell to 3 400 
per cubic millimeter, this drop resulting from almost complete disappearance (to 1 5 
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Fig 9 — Patchy necrosis of the bone marrow with no pathologic changes in the 
erythroblastic tissue Hematoxylin and eosin, X 300 

Two hours after the infection, the leukocyte count was very low, 1,025 per cubic 
millimeter, the relative proportion between the white cells being practically 
unchanged The lowest leukocvtic count (1,500 per cubic millimeter) was noticed 
three hours and fort 3 ^-five minutes after the infection The first rise m white cells 
took place about five hours after the infection, at which time the white blood cell 
count equaled 1,725 per cubic millimeter with a granulocytic count of 30 per cent 
There ^\as no appreciable change within the next hours At twenty-two hours the 
number of the white cells had risen to 3,600 per cubic millimeter, and there was 
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Smnmaiy — These animals, infected with an ovei whelming dose of 
bacteria, rapidly developed severe leukopenia and almost complete 
agranulocytosis There was but little tendency toward regenerative 
activity on the part of the granulocytes, and monocytosis did not 
develop to any appieciable extent The animals died usually within 
forty-eight hours after infection The bone maiiow, post mortem, 
usually showed but little evidence of regenerative activity 

COMMENT 

It may be seen that under the conditions of our expeiiments the 
reaction of the granulocytic (myelopoietic) apparatus was closely 
related to the gravity of the infection Thus animals infected with 
small doses of micio-organisms (figs 1, 2, 3, 4 and 5) in which the 
infection Avas left to run its natuial course lived for four, six, eleven 
and twenty days, respectively, folloAving inoculation, animal 181 sur- 
A iving the experiment, being well after tAventy days Although the time 
of appearance of the lowest leukocytic and granulocytic counts varied 
among mdiAudual animals from fifteen minutes to foui hours and forty 
minutes, the average time was two hours However, definite evidence 
of a marked increase in the production of granulocytes was seen in 
from three to four hours It may be said that the time foi the appear- 
ance of large numbers of immature polymorphonuclear leukocytes, 
Avhich at times reached the figure of from 8,000 to 9,000 pei cubic 
millimeter, Avas surpiisiiigl) constant, varying within the narrow limits 
of three and four hours This increase in immature granulocytes 
resulted, of course, ’in a marked increase in the total number of the 
AAdiite blood cells This group of animals was distinguished from 
the others, not only by the longer couise of the disease, but chiefly by the 
marked monocytosis they developed An increase in monocytes, which 
AAas generally associated Avith the presence of histiocytes as Avell, took 
place in from four to tAventy-four hours following the inoculation, 
reaching its peak in from fifty-two to one hundred and forty-four 
hours after infection At this period monocytes sometimes outnumbered 
lymphocytes, being present in numbers A'arying from 3,000 to 8,000 
per cubic millimeter It is interesting that once the monocytic rise 
AA^as at its peak, this tended to be maintained, so that the monocyte- 
lymphocyte ratio Avas often 1 or even over 1 At this period of the 
infection, intensely phagoc}tic macrophages could often be seen At 
the height of the monocytic rise there also occurred a sharp increase 
111 lymphocytes, this taking place in from fifty to one hundred and 
seAent)-four hours following the infection However, this lyinpho- 
cjtosis had a tendency to diminish during the course of the disease 
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The blood pictuie in this gioup of animals can therefoie be divided 
arbitrarily into five stages (1) stage of leukopenia, due to diminution 
ill gianuloc}tes and lymphoc}tes, (2) stage of marked inciease in 
miniatuie gianulocytes , (3) stage of nionoc}tosis and histioc} tosis , 
(4) stage of lymphocytosis, and (5) stage of noiniahty 

The duiation of the disease in rabbits tnat received laige doses 
of bacteiia was about foity-eight houis In these animals leukopenia 
resulting fioiii a gi anulocytopenia developed within a shoit peiiod, 
varying fioiii fifteen to thirty minutes following the infection The 
total white blood cell count aftei infection nevei lose above 3,600 pei 
cubic milhmetei, being generally below that figure In an occasional 
instance gianulocytes weie i educed to the low figuie of 22 pei cubic 
milhmetei Immatuie foims of gianulocytes never lose above 800 pei 
cubic milhmetei There was at no time a use in either monocytes or 
lymphocytes Likewise no changes weie obser\ed in the red cells 
In biief, only the fiist of the stages, that is, of leukopenia (neutiopenia) 
without any signs of legeneration, was present m the blood of this 
gioup of animals duiing the entire couise of their illness The 
pathologic changes found in the visceial oigans lesembled those seen 
in sepsis 111 general In the bone marrow, changes weie obvious even 
in those animals that were killed thiity minutes after the infection took 
place As in pei sons with agi anulocytosis, the disease was apparent!} 
confined to the myelopoietic system only, as evidenced by various 
degrees of degeneiation and wide areas of necrosis Islands of 
noimally appealing normoblasts could often be seen suiiounded by 
neciotic leukopoietic tissue The megacai } ocy tes, too, showed no 
appi eciable changes 

In summai}^, a lelatively small dose of bacteria pioduced a slight 
leukopenia followed by an intense regeneiation in the bone mariow 
(fig 11), this being followed by a histiomonocytosis m the ciiculatmg 
blood and latei by a lymphocytosis With a moderately large dose of 
bacteria, leukopenia, which was not ver}^ intense, developed moie 
quickly Usually a slight legenerative activity was seen and at times 
a slight monocytosis An overwhelming dose of micio-oiganisms 
bi ought about a veiy lapid leukopenia lesultmg fiom an agi anulo- 
cytosis with aieas of neciosis of the bone maiiow No legeneration of 
bone maiiow (fig 12) occuiied up to the death of the animal 

Aie theie any similaiities between agranuloc} tosis as seen in man 
and that lesulting from sepsis m the labbit^ 

In human beings, as noted in the intioductoi} paiagraphs, the disease 
agi anulocytosis (Schultz) is chaiacteiized b} (1) clinical signs, such 
as neciosis of the gums, tonsils, buccal and gastiic mucosae, vulva and 
\agina, (2) a hematologic pictuie evidenced b} the diminution or almost 
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complete disappearance of granulocytes from the cn dilation, and 
(3) the absence of a hemorrhagic diathesis It is characteristic in that 
the etiology of this disease is unknown, it being thus included in the 
category of “essential” malignant neutropenia Schultz was of the 
opinion that agranuloc} tosis is a disease per se, being caused by a spe- 
cific agent that has a particular affinity f oi the myeloid s} stem Other 












Fig 11 — Intense regeneration of bone marrow at the border of a necrotic area 
There are no pathologic changes m the erythrocytic elements Hematoxylin and 
eosin, X 600 


workers regard the malady as a sjmptom complex of which sepsis 
IS the underlying condition The hypothesis also has been expressed 
that it IS a form of h}peieigic inflammation (allerg) ) m which the bone 
mariow is the locus mmoris resistentiae This hypothesis will not be 
considered here since the study was pei formed on normergic (anergic) 
animals 









rRJLD-DAMESHEK— iGRA WLOC }'7 OS/S 


107 


Remaining to be discussed are (1) the necrotic changes of the 
mucous membranes and (2) the hematologic picture 

As refeiied to, the condition was isolated as an “entity” because 
m addition to the agianuloc}tosis theie occmred a neciotizmg piocess 
m the mucous membranes which was said never to happen m othei 
diseases Howe\ei, as has also been noted by other wiiteis,* neciosis 



Fig 12 — Focal necrosis of bone marrow Hematoxj lin and eosm, X 300 


of the buccophai}ngeal mucosae occurs in other maladies such as acute 
leukemia, hemonhagic diathesis and also sepsis 

Moieovei, it has been obsei\ed that the occuirence of t}pical cases 
of agianulocytosis is not necessarily accompanied b} necrotizing 

4 Barta, T, and Eros, G Sepsis und Blutbildung, Vircbovs Arch f path 
Anat 272 313, 1930 Blumer, G Agranulocj tic Blood Picture in Conditions 
Other Than Angina, Am J M Sc 179 11 (July) 1930 
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lesions of the mucous membianes Thus, in a senes of patients studied 
at the Beth Israel Hospital,® tA\o patients with a chai actenstic clinical 
course and a hematologic pictuie of this disease failed to show necrosis 
of mucous membranes One patient developed neciosis of the cutaneous 
tissues 111 the antecubital fossae of the arms following a needle puncture 
The histoiy of this patient is as follows 

A woman, aged 41, who had been an invalid for several years, developed an 
acute infection of the upper respiratory tract eight months prior to admission to the 
hospital Since that time she had had constant headaches Two months before 
entr}'^ she had swelling and stiffness of the knees One week before admission she 
became \ery ill with high fever and slight delirium 

At the hospital she showed a lateral nystagmus of both eyes The lymphopoietic 
and erythropoietic systems showed no changes Her leukocytic count varied 
between 600 and 1,900 per cubic millimeter The granulocytes gradually disap- 
peared A specimen of bone marrow taken for biopsy showed almost complete 
absence of granulocytes, only a few myeloblasts being found Following a blood 
transfusion, the incision wound did not heal, becoming thick and edematous A 
white sloughing area ot necrosis finally developed Aerobic blood cultures were 
sterile, but anaerobic cultures showed a streptococcus The patient died seventeen 
days after the onset of the illness 

Here, then, is a case of agianulocytosis with chai actenstic changes 
m the circulating blood as well as in the bone maiiow in which gan- 
gienous lesions of the mucous membranes weie absent In fact, since 
the oiiginal description of this disease, the expeiience of most writers 
IS that this condition is not as “rigid” as desciibed in the early reports 
and that this clinical entity abounds m multiple clinical and Jrematologic 
nuances 

From a study of the liteiatuie and from the cases observed at the 
Beth Israel Hospital,® we gained the impression that fiom a clinical 
standpoint, the disease agianulocytosis can be arbitiaiily divided into 
thiee mam gioups 1 Severe cases like those oiiginally reported by 
Schultz In these instances the onset of the malady is sudden, with 
a chill, high feiei and a necrotizing angina, jaundice and albuminuiia 
being frequently present The blood m these patients shows an 
extreme degiee of agranulocytosis, and the bone maiiow reveals wide- 
spread neciosis of the leukopoietic system The disease is rapidly 
fatal 2 Moderately severe cases m which the disease is moie pio- 
ti acted, occasionally ending in recovery The blood of these patients 
shows a veiy marked leukopenia, with a few granulocytes, and very 
numerous monocytes and histiocytes In the bone mariow one finds 
areas of necrosis and signs of active regeneration of the myelopoietic 
s}stem The patients may oi may not have necrotizing lesions of their 

5 Dameshek, W , and Ingall, M Agranulocytosis (Malignant Neutropenia), 
Am T M Sc 181 502, 1931 
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mucosae 3 Mild cases of agianulocjtosis in which the disease begins 
insidiousl}', having a much longer course In these patients the 
leukopenia is less intense and the number of gianulocytcs is highei 
than in the moderately severe cases Again the blood smeais show that 
a high peicentage of monocytes and macrophages is present in the 
cii dilation, wdiich may be legarded as a “recoveiy stage” (Schilling®) 
The bone maiiow, in addition to necrosis, shows a very actne powei 
of legeneration of the leukopoietic system In these cases, too, neciotic 
lesions of the mucosae may be absent, and the disease ends in most 
instances in leco^ery 

It may be seen then that necrotizing lesions of the mucosae ma} be 
piesent m diseases other than agianulocytosis, and that in this disease 
the lesions of the mucosae are not a conditio sine qua non 

In anal} zing the hematologic findings in the animals in our expeii- 
ments, we find striking similarities bet\veen the agranulocytosis lesulting 
from the infection of rabbits wuth Salmonella suipestifer and that seen 
in the clinic Thus the seveie cases of the disease in man correspond 
closely to the reaction seen in the animals of group H wdiich leceived 
ovei whelming doses of bacteiia, causing intense neciosis of the bone 
mariow without signs of legeneiation There is also a close similaiit} 
existing between the '‘recovery phases” seen in the ciiculating blood in 
clinical agianulocytosis and that disclosed m the circulation of rabbits 
that weie infected wnth relatively small doses of bacteria Two aspects 
of these phases of particular interest will be discussed briefly (1) the 
occurrence of immature granulocytes m the blood, and (2) the piesence 
of histiocytes (macrophages) in the circulation 

The differential count of the wdiite cells in the present experiments 
w^as made according to the method of Arneth as modified by Schilling 
In the modification of the latter, four groups of polymorphonucleai 
leukocytes aie discriminated, namely, mature or segmented forms, band 
or “stabkernig” foims, young forms and m}'elocytes In oui study the 
last thiee varieties of cells w^ere grouped together as immature poly- 
morphonuclear leukocytes (immature cells m the charts) 

The significance of an increase in these cells m the ciiculating blood 
following an initial granulocytopenia obviously represents a rapid 
legenerative activity on the part of the white cells of the bone marrow^ 
m response to injury In the experiments herein presented, this was 
bi ought out in the animals that w^ere killed at the height of increase 
m the number of the immature granulocjtes (rabbits 175, 176, 177, 
178 and 179). The bone marroiv in these labbits showed, in addition 
to neciosis. areas of intense regeneration 

6 SchilJingr, V The BJood Picture, St Louis, C V Mosbi Companj, 1929 
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Paiadoxical as it may appear, immature polymorphonticleai leuko- 
cytes may be present m increased numbers in the circulation in instances 
of almost complete necrosis of the bone mairow It was thought bj- 
Schilling that this resulted fiom the gradual discharge of the lemnants 
of the immatuie leukocytes of the bone marrow In these instances a 
steady decrease in the total number of the potymorphonucleai leukocytes 
IS obseived instead of the customary rise in these cells which is found 
in conditions with regenerative activity of the marrow These two 
t}pes of leactions weie designated by Schilling® as the "legenerative” 
and “degenerative” shifts of the white blood cells It is inteiesting 
then that what was advanced by Schilling as a meie hypothesis has been 
borne out m oui experiments (labbits 163, 171, 167 and 180) 

In regal d to the histiomonocytosis observed in the blood stream, 
it IS inteiesting that whereas the monocyte -is seen noimally m the 
circulating blood, the histiocyte (macrophage) is present in the cir- 
culation only in pathologic conditions ^ Simpson ® and others were able 
to induce experimentally an invasion of the blood by these large 
phagocytic cells, and one of us ® (Di Damesbek) observed a marked 
increase in macrophages in the blood in the convalescent stage of 
^arlOus infectious diseases, m certain chronic infections such as 
syphilis, and also in the leukemias 

In the present investigation a marked increase in the monocytes 
and histioc 3 des (fig 13) occurred regularly in the blood of those labbits 
that leceived lelatively small doses of bacteria (group I) A subsequent 
stud} of the tissues of these animals revealed a marked proliferation 
of the cells of the reticulo-endothelial (maciophage) system It is 
thus apparent that the blood was flooded with these cells as a lesult 
of the overactivity of the mesenchymal defensive apparatus The 
“stage of defense” may, however, be only ephemeial, as can be seen 
m many of oui expeiiments m which the animals subsequently died. 
In two patients with agranulocytosis recently observed in the clinics 
of this hospital, the stage of lecovery was likewise accompanied by an 
invasion of the blood with maciophages which numbered about 60 per 
cent of tbe total count of the white blood cells In these cases the 
“defense” Avas apparently efficient since the patients recovered from 
their illness This may possibly be due to the fact that (1) experi- 
mental infection is as a rule more severe than that obseived clinically 
in man and (2) in experimental inoculation which is performed in 

7 }iIaximow, Alexander A The Macrophages or Histiocytes, in Cowdry, 
E V Special Cytology, New York, Paul B Hoeber, Inc , 1928, vol 1, p 427 

8 Simpson, M H The Experimental Production of Macrophages in the 
Circulating Blood, J M Research 53 77, 1922 

9 Dameshek, W The Appearance of Histiocytes in the Peripheral Blood, 
Arch Int I^Ied 47 968 (June) 1931 
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noimeigic (anergic) animals the "dose” of the infectious material 
(other conditions being equal) plays apparently the dominating 
idle, wheieas in man “constitutional” factors as well entei into play 

CONCLUSIONS 

The puipose of the piesent study has been to determine the possible 
similarity between the blood pictuie as seen in agianulocjtosis m man 
and that found in a form of experimental sepsis in labbits 

The lesults have shown that there are close similaiities between 
the agranulocytosis resulting from the hematogenous infection of rab- 
bits with Salmonella suipestifei and that obseived in cases of agianu- 
loc}tic angina m man Thus, the leaction m seieie cases of human 
agi anulocytosis corresponds to that of the animals that received 
ovei whelming doses of bacteria, i e, a persistent neutiopema and an 
intense necrosis of the bone mairow without signs of legeneration A 
close similaiity likewise exists between the “lecoieiy phase” seen m 
the cii dilating blood m clinical agranulocytosis and that disclosed in 
the cii dilation of labbits that were infected with lelatively small doses 
of bacteiia, i e , a marked histiomonocytosis 

Incidentally, Schilling’s clinical concept of “legeneiative” and 
“degeneiative” types of polymoiphonucleai “shift” was confiimed bv 
these experiments 



SOME IMMUNOLOGIC ASPECTS OF LEUKEMIA - 
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Investigations of Can el and Ebeling' into the piolifeiatne actnit} 
of blood leukocytes in tissue cultures ha\e shown that homologous seium 
possesses a maiked antiprolifeiative eftect on pol} nioi phonucleai leuko- 
c\tes and l}inphoc\tes The first mentioned t\pe of white blood cell 
disappeais entiiely fioni the cultuie in a few days and the lattei t}pe m 
fiom one to two ^\eeks By a piocess of physiologic selectuity a puie 
cultuie of mononucleai cells lemams, which can be kept alive foi se\eial 
months Cai i el and Ebeling concluded f i oni this obsei \ ation that homo- 
logous sei um may possess a similai action in vivo, because the numbei of 
leukocytes would inciease indefinitely if seium weie not endowed with 
this piopeity They added that probably the inciease of the giowth- 
mhibiting action of seium m the couise of life detci mines a deciease in 
the actuity of the wdiite cells and modifies then secietions The) sug- 
gested, moieo\er, that possibly this is one of the mechanisms b} w'hicli 
the piofound changes aie bi ought about by age in blood seium, and that 
It ma\ be i elated to certain diseases in this period, such as cancel 

It occtiiied to us that peihaps a distuibance in the antipiohferatne 
actuit} of the blood seium might be the cause of the enoimous inciease 
of leukoc}tes in leukemias The coiiectness of this supposition lequiied 
that leukemias should be chai actei ized by a decrease or a lack of the 
antiprolifeiative qualities of the leukemic seium allowung an excessne 
and unimpeded pi olifei ation of leukocytes To put this theor} to a test 
the effects of normal and of leukemic plasma on the piolifeiatne activit\ 
of noimal and leukemic leukocytes weie studied with the tissue cultuie 
method 

EXPERIMENTS 

The donoi of the leukemic blood w'as a woman. 53 years of age 
w ho had been undei clinical observation by Di E Ellice McDonald for 
moi e than a } eai pi eceding oui experiments Hei spleen w as consider- 
ably enlarged, extending laterally somewhat be}ond the umbilicus and 
leachmg well into the pehis Hei blood picture at the beginning of oui 

"^Submitted for publication, April 11, 1931 

From the Cancer Research Laboratories Uni\crsit\ of Penn';\Hania Gradu- 
ate School of Medicine 

1 Carrel and Ebeling J E\per Med 36 365, 1922 



114 


ARCHIVES Oh INTERNAL MEDICINE 


experiments was as follows hemoglobin, 50 per cent (Sahli) , erythro- 
cytes, 3,500,000, leukocytes, 750,000, neutrophilic leukocytes, 50 per 
cent, myelocytes, 23 pei cent, myeloblasts, 6 pei cent, lymphocytes, 
8 per cent, monoc}tes, 2 pei cent, eosinophils, 7 pei cent, and basophils, 
4 per cent The normal blood was taken fiom a healthy man, 36 years 
old, with normal obseivations on the blood The blood needed for the 
expel imeiits was obtained by venous punctuie, heparin being used as an 
anticoagulant The method of Can el and Ebehng^ was employed to 
seem e the plasma and the buffy, leukocytic coat The latter was cut into 
small pieces which were explanted into a drop of plasma, the slide 
method of tissue culture being used Theie weie foui sets of tissue 
cultmes, each containing twelve slides 

1 Normal leukocytes in normal plasma 

2 Normal leukocytes m leukemic plasma 

3 Leukemic leukocytes in normal plasma 

4 Leukemic leukocytes in leukemic plasma 

The experiments were repeated thiee times to check the lesults 
obtained These were as follows It was unifoimly obseived that the 
giowth and emigration of the normal leukocytes in the leukemic plasma 
lagged behind those seen in noimal plasma cultures during the first 
twenty-four hours of incubation This difference became less distinct 
after foity-eight hours and was negligible thereaftei If leukemic 
leukoc}hes were used in this combination, the retaidmg effect was less 
marked than m the previous expeiiment during the first twenty-four 
houis and was only relativel}'^ slight in the foity-eight hour cultures In 
the latter observation our lesults aie in agreement with and substantiate 
those obtained by Hirschfeld - 

As the leukemic patient was 53 yeais of age and the donor of the 
normal blood only 36 years old, it appealed possible that the difference 
in growth activity observed might have been caused by the difference 
in age, resulting in a higher antiproliferative quality of the plasma from 
the leukemic patient To exclude this possibility, an identical set of 
experiments was run, a man 56 yeais of age being used as the souice of 
normal plasma and leukocytes The results were the same, but differed 
somewhat m degree, as the piohferative activity of the noimal leuko- 
cytes in the normal plasma was not quite so good in this experiment as 
in the previous experiments m which the blood came from a younger 
person The differences in the growth activity of the normal leukocytes 
in normal plasma compared with that in leukemic plasma were therefore 
less marked, but still definitely evident 


2 Hirschfeld Folia haemat 34 39, 1927 
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The conclusions dia\Mi from these m\ estigations are as follows 
Leukemic blood does not contain a decreased amount of antipiohferatne 
substance, but has rather a slightly inci eased amount, if proper consider- 
ation is given to the age factoi The enormous increase of leukocytes 
in leukemias can therefore not be attributed to a distmbance in the 
physiologic anti leukoc} tic qualit}’’ of blood serum 

The subsequent qualitative stud}’' of the cultuies in legaid to the 
type of leukocytes that emigrated from the normal and the leukemic 
plasma cultuies respectively supplied the evidence by wdiich the quantita- 
tive differences demonstrated could be properly explained It was found 
that the emigration of polymoiphonuclear leukocytes was more oi less 
maikedly suppressed in the leukemic plasma cultures after twenty-four 
hours of incubation As this type of cell disappeais noimally fiom the 
cultuies in the course of seventy-twm hours, one had to expect that the 
quantitative differences w’ould decrease after prolonged incubation This 
expectation w’as substantiated by our observations ah eady mentioned A 
decreased emigration of pol}moiphonuclear leukoc}tes in cultures of 
normal human leukoc}i;es m leukemic plasma must be regaided as the 
cause of the quantitative differences obseived between the giowdh actni- 
ties of these cells in normal and leukemic plasma respectn ely The emi- 
giation and growdh of lymphocytes and monoc}tes w'ere apparently not 
interfered wuth by the plasma of a myeloid leukemia 

Leukemic leukocytes had been cultured pieviously m noimal and 
leukemic plasma by Awnoiow’ and Timofejew^skij,® Hirschfeld - and 
Paiker and Rhoads ^ We can substantiate their results and haye nothing 
to add to them The tiansformation of mononuclear leukocytes into 
fibroblast-hke cells yvas especially evident and frequent in cultures of 
leukemic leukocytes in normal plasma after sey ent}-tyyo hours of gioyvth 
If yy’-e attempt to mteipret our obsen’ations and tiy to explain them 
by piocesses in the organism yvhich might be responsible foi the phe- 
nomena obseiy’ed in the tissue cultures, yy^e aie inclined to believe that 
the massu’^e destruction of myeloid cells m the system of the leukemic 
patient lesults in an inciease of the antiprolifeiatiy^e qualities of the 
serum directed against the myeloid cells 

Apply mg this conception, yy e attempted to produce an antileukoc} tic 
seium by lepeated injections of leukemic leukocytes into the y’ems of the 
ears of rabbits The f olloyy ing technic yy as employed The buffy coat of 
10 cc of venous blood fiom the leukemic patient yyas yy^ashed in sterile 
Ringer’s solution, to remoye the adheient erythrocjtes as much as possi- 
ble, and then ground m a moitar yyith a small amount of Ringer’s solu- 
tion When a more oi less homogeneous mass yy^as obtained, from 15 to 
20 cc of Rmgei’s solution was added The suspension had a slightly 

3 Ayyroroyy and Timofejeyyskij Virchoyys Arch f path Anat 216 184,1914 

4 Parker and Rhoads Am J Path 4 167, 1928 
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pink color Immediately aftei preparation one half of it was injected 
into the veins of the ears of the rabbit, while the lemaining portion was 
kept in the icebox and was injected three days afterwaid The first 
labbit used leceived eight injections 



Fig 1 — Leukemic leukocytes in the plasma of a rabbit given eight injections , 
twenty-four hour culture , no emigration 
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Fig 2 — Twenty-four hour cultures traced with the Edinger projectograph 


When noimal and leukemic leukocytes were cultured in the plasma of 
the rabbit thus treated, it was seen that the plasma had a marked inhibit- 
ing efiect on the emigiation of leukocytes There was eithei no emigia- 
tion or only a very slight one After three days of incubation a 
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lysis of the plasma aiouncl the explant was obsened, \\hich \\as appai- 
ently due to the action of proteoljtic eu?’ymes freed fiom the dving 
leukocytes There was no evidence of leukoc 3 "tolysis Conti ol experi- 
ments with leukocytes in normal rabbit plasma showed an abundant 
leukocytic emigiation (fig 2) 

The plasma of the labbit gnen injections of leukemic leukoc}tes had. 
accoidmg to these obsenations, acquiied an antileukoc} tic qualit) which 
pioved, howevei, to be of a nonspecific natuie. as not only the emigiation 
of leukemic leukocjtes, but also that of noimal human leukocjtes was 
impaired 

In a second senes of expeiiments we attempted to deteimine the 
antileukocytic titer of the plasma by the tissue cultuie method, using 
a rabbit which had leceived five injections of leukemic leukocjles The 
following sets of cultuies, each consisting of six slides, were made 



Fig 3 — •Normal leukocytes m the plasma of a rabbit given five injections, 
twentj-four hour culture, scantj^ emigration, with a peripheral ring of agglutinated 
leukocytes 

1 (a) Normal leukocytes m the plasma of the rabbit given the injections 
(b) Normal leukocytes in normal rabbit plasma 

2 (a) Normal leukocjdes in three parts of plasma from the rabbit given the 

injections plus one part of Tyrode’s solution 
(b) Normal leukocytes m three parts of normal rabbit plasma plus one part 
of Tjrode’s solution 

3 (a) Normal leukocjtes in two parts of plasma from the rabbit gnen the 

injections plus two parts of Tjrode’s solution 
(b) Normal leukocytes in two parts of normal rabbit plasma plus two parts 
of T}rode’s solution 

4 (a) Normal leukocjtes in one part of plasma from the rabbit gnen the 

injections plus three parts of Tyrode’s solution 
(b) Normal leukoci tes m one part of normal rabbit plasma plus three parts 
of Tj rode s solution 

Ihe lesults obtained aie as follous There vas a definite impaii- 
ment m the emigiation of leukocj-tes from the explants m the leukemic 





Fig 4 — Normal leukocytes in the plasma of a rabbit given five injections, 
twenty-four hour culture, moderate emigration, with a peripheral ring of agglu- 
tinated leukocytes, plasma diluted 50 50 with Tyrode’s solution 
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rabbit plasma as compared ^\lth the emigration present in the corre- 
sponding leukocAdic cultures in normal rabbit plasma This eftect 
decreased m direct proportion to the concentration of the leukemic rabbit 
plasma present m the medium There was no emigration eMdent m 
50 per cent of the cultures m concentrated leukemic rabbit plasma It 
w as moreover, noticed that the emigration zone w as much denser m the 
cultures w ith leukemic rabbit plasma than in those w ith the normal rabbit 
plasma, becoming however less dense with the decreasing concentra- 
tion of the leukemic rabbit plasma in the culture medium We observed 
furthermore that the cultures of the leukemic rabbit plasma showed a 
sharpty defined w lute ring at the peripher\ of the emigration zone The 
nng consisted of agglutinated leukocytes The emigration of leukocytes 
stopped in general rather abruptly at this ring Leukocytes were only- 



Fjg- 6 — Xormal rabbit plasma ^\lth normal leukocytes, no agglutination , %ery 
good emigration 

occasionally- found peripherally from this ring in the plasma The 
emigration of the leukocy tes in normal rabbit plasma w as, m strong con- 
trast to the observation just described, abundant and indistinctly- 
defined and seemed to fade away' into the plasma 

It IS evident from these observations tliat a rather accurate titration 
of the antileukocy-tic qualities of a serum can be obtained by the tissue 
culture method Strongly- antileukocy-tic serums w-ill inhibit the emigra- 
tion of leukocy-tes completely while weakly antileukocytic serums will 
allow- only- a restricted emigration The toxic effect of the antileuko- 
cy-tic plasma on the cells is evident from the positive nuclear stain 
especially m the agglutinated leukocy-tes after the addition of neutral 
red showing that the majority of the cells m the emigration zone are 
dead The great significance of these obserxations may- be demonstrated 
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by the fact that pievious investigators have unsuccessfully attempted 
to deteimine the antileukoc}dic titer of such serums by agglutination, 
pi ecipitation oi complement- fixation leactions, vhile the existence of a 
leukocytolysis has never been shown beyond any doubt These authors 
used bone marrow (Besredka,^ Flexner,® Bunting®), spleen or lymph 
node (MetschnikofiE,^ Funk,® Flexner®), aseptic purulent exudates 
(after intraperitoneal injections of aleuronat [Gladin ®] or injections of 
staphylococcus vaccine [Bieiry ) as the source of leukocytic supply The 
tissue culture method must be legarded at the present time as the best 
piocedure for the demonstration and titration of cytotoxms It has been 
successfully used foi this purpose b}'- Lambeit,’^® Foot,^^ Lumsden’^" and 
Kimura 

Encouraged by the good lesults obtained with the antileukocytic 
plasma in tissue cultuies, we gave our patient who had supplied us with 
leukemic leukocytes several subcutaneous injections of antileukocytic 
plasma and serum, respectively, in the hope that her blood condition 
might be benefited thereby She received in the couise of six weeks a 
total of 30 cc of antileukocytic plasma and seium The injections 
caused general discomfort and pain in the region of injection The 
spleen decreased somewhat in size, while the leukocytes increased aftei 
the first two injections from 470,000 to 700,000 and the ei}throcytes 
from 2,900 000 to 4,000,000 The differential count remained essentially 
the same Aftei the second injection the numbei of leukoc}tes started 
to diop and continued to do so until theie weie (ten days aftei the last 
injection) 512,000 The differential count showed at that time a lather 
model ate shift to the light with an increase of the mature neutrophilic 
leukocytes and monocytes The treatment had to be discontinued after 
the eighth injection on account of the death of the labbit which had 
been the source of the antileukocytic serum 

The results so far obtained with the antileukocytic seium m this 
case allow the following conclusions The initial rise of the number 

5 Besredka Die lokale Immunisierung, Leipzig, 1926 

6 Quoted by Fischer Gewebszuechtung, ed 3, Munich, Mueller & Steinicke, 

1930 

7 Metschnikoff Ann Inst Pasteur 14 369, 1900 

8 Gladin, quoted by Lindstroem Acta med Scandinav (supp no 22), 1927, 

P 1 

9 Bierrv Compt rend Soc de biol 54 1003, 1902, quoted bv Lindstroem 
(footnote 8) 

10 Lambert J Exper Med 14 453, 1911 

11 Foot Centralbl f allg Path u path Anat 23 578, 1912 

12 Lumsden Lancet 1 383, 1924, 1 112, 1926, Arch f exper Zellforsch 
6 206, 1928 

13 Kimura Arch f exper Zellforsch 6 185, 1927, Ztschr f Immunitats- 
forsch u exper Therap 55 501, 1928 
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of leukocytes was caused partly Ijy the expulsion of leukocytes from the 
contracting spleen and partly by a stimulating eftect of the serum injec- 
tions on the myeloid tissue The conclusion as to the latter efiect was 
also confirmed by the appearance of numerous normoblasts m the blood 
We had apparently not succeeded in building up a serum m which the 
antilcukoc}lic qualities outbalanced the normal stimulating action of the 
serum 

While our results in regard to the therapeutic application of anti- 
leukocytic serums were rather discouraging, Lindstroem,^ ‘ whose recent 
^\ork on this subject came to our attention after oiu experiments had 
already reached their final stage, reported such remaikalile therapeutic 
effects of antileukocytic serums in leukemias that the use of properly 
prepared and titrated antileukocytic serums seems to offei good pros- 
pects in the future therapeutic management of these disease conditions 
Using a technic similar to ours m the preparation of antileukocytic 
serums, this investigator succeeded in expei iments with various animals 
(rabbits, cats, monkeys, sbeep) m lowering the number of leukocytes in 
some instances from 8,100 to 50 liy the injection of antileukocytic seium 
The subsequent examination of the animals dying from the effects of 
the treatment showed a deficiency of granulocytes m the bone mairow 
similai to that found m cases of agranulocjdosis (Hueper^"') He did 
not notice the de\elopment of a tolerance for, oi the production of, anti- 
bodies against the antileukocytic scium Similar observations on the 
effect of antileukocytic serums on the number of leukocytes in the blood 
and bone marrow w'ere made by Yamamoto 

In a series of eleven patients with mjeloid leukemia tieated wnth 
rather large doses (from 10 to 20 cc ) of antileukocytic seium, Lind- 
stroem was able to pioduce four complete lemissions characterized by 
a return of the number of the leukocytes to a normal level and gieat 
general improvement in the condition of these patients These i emis- 
sions lasted for several months He pointed out that remissions of this 
character do not occur spontaneously in leukemias nor can thej be pro- 
duced b} irradiation or by aisenical medication An aggravation of the 
condition following the treatment wvis observed b\ him m foui cases 
of advanced myeloid leukemia He stated that the success of the tieat- 
ment depends on the therapeutic strength of the serum, which he was 
unable to determine with the methods available to him He noted, 
furthermore, that patients in the early stage of the disease are best suited 
for the serum treatment 


14 Lindstroem Acta nied Scanchnav (supp no 22), 1927, p 1 

15 Hueper S Clin North America 10 407, 1930 

16 Yamamoto lohoku J Exper Med 15 324,1930 
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CONCLUSIONS 

1 The antipiolifeiative quality of leukemic plasma is not deci eased, 
but slightly inci eased, as compaied with that of normal human plasma 
Myeloid leukemia is therefore not the result of the decrease or absence 
of this quality of the serum 

2 Myeloid leukemic plasma inhibits the emigration of the gianulo- 
cytic elements from the explanted clot of blood leukocytes 

3 Antileukocytic serum produced b} the intiavenous injection of 
leukemic leukocytes into rabbits impairs the emigiative and piohfeiative 
qualities of normal and leukemic leukoc 3 des in tissue cultuies 

4 Tissue cultures of leukocytes allow a rather accurate titration of 
the cjdotoxic qualities of an antileukocytic plasma 

5 Isolated faioiable therapeutic lesults (m foui of eleven cases) 
with nontitrated antileukocytic serum m leukemias seem to indicate that 
propel ly prepared and titrated antileukocytic serums may offer an effec- 
tive remissne method for the tieatment in leukemias 



AGRANULOCYTOSIS AND HYPOGRANULOCYTOSIS 
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We have applied the teim agianulocytosis to the condition in which 
there is complete or almost complete absence of granular leukocytes, 
accompanied by leukopenia and relative inciease but, in most instances, 
absolute deciease of lymphocytes The teim hypogranulocytosis, which 
was first suggested by Weiss, ^ we have applied to that condition m 
which theie is less maiked i eduction m the numbei of gianular leuko- 
cytes and well maiked leukopenia, without absolute inciease in the 
number of lymphocytes but with relative lymphocytosis These teims 
are not applied to such distinct clinical entities as acute aplastic anemia, 
acute leukemia with noimal oi i educed total leukocyte count and 
agranulocytosis produced by known poisons such as benzene and loentgen 
lays, foi the purposes of this discussion, howevei, they are applied to 
the peculiar blood pictuie associated with various types of infection 

Brown - seems to have been the first to repoit a case of pharyngeal 
ulceration with extieme leukopenia, although this fact was ovei looked 
until lecently 

Tuik,^ m 1907, repoited a case of sepsis with complete disappeaiance 
of the granulai leukocjdes, in which at neciopsy theie was absence of 
myeloid elements in the bone mariow 

Schultz,"* in 1922, reported marked reduction in the numbei of 
leukocytes and complete or almost complete disappearance of poly- 
morphonuclears m four cases of neciotic ulcerative infection of the 

Submitted for publication, IMarch 31, 1931 
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thioat to which he applied the term agianulocytosis Fnedemann,® in 
1923, leported similar cases which he called agi aniilocytic angina 
Reviews of the hteiatuie have been made by Weiss, ^ Kasthn® and 
Aiibeitin and Lev} ' 

Theie has been much discussion in the hteiatuie as to the existence 
ot a distinct clinical entity, agranulocytic angina Schultz ^ felt that the 
clinical syndrome to which he applied the teim agianulocytosis was a 
distinct clinical entity, but so many cases have been reported piesenting 
a somewhat dissimilai clinical picture, in which the outstanding featuie 
was agranulocytosis, that the tendency at the piesent time is to con- 
sidei the agranulocytosis as a symptom, rather than as a distinct clinical 
entit} 

It IS known definitely that certain chemicals, paiticularly benzene, 
depiess the function of the bone mairow in various degrees, and the 
effects of thorium X, radium and loentgen rays are equally well known 
The l}mphocytes are usually affected by irradiation more easily than 
aie the granulocytes, but an overdose of irradiation by any of these 
means will produce marked i eduction of gianulocytes and an aplastic 
effect on the bone maiiow 

Failey ® reviewed from the literature thirty -nine cases in which the 
function of the bone marrow was depiessed following the use of various 
piepaiations of arsphenamine The symptoms varied from those of 
purpura hemonhagica to those of severe aplastic anemia and agianulo- 
C}tosis, depending on whethei the principal effect was on the leukopoietic 
01 ei ythi opoietic tissues, on the megacai yocy tes oi on all of these 
combined 

Agranulocytosis or hypogianulocytosis conceivably may occui as a 
lesiilt of defective foimation of gianulocytes, from their abnormal 
destiiiction or from then impropei distiibution or delivery into the circu- 
lation The consensus in the literature is that agranulocytosis usually is 
due to defective myeloblastic function of the bone marrow, and this 
IS oui opinion, but theie is some evidence that there is also improper 
distribution or abnormal destruction Case 2 is somewhat suggestive 
of this in the fact that three hours after tiansfusion the leukocyte count 
uas 300 less than before transfusion Ordinarily from 500 to 1,000 

5 Fnedemann, Ulrich Ueber Angina agranulocytotica, Med Khn 19 1357 
(Oct 14) 1923 

6 Kastlin, G J Agranulocytic Angina, Am J M Sc 173 799 (June) 1927 

7 Aubertin, C , and Levy, Robert L’agranulocytose et les syndromes 
agranulocytaires. Arch d mal du coeur 21 369 (June) 1928, abstr, Medecine 
9 469 (March) 1928 

8 Farley, D L Depressed Bone-Marrow Function from the Arsphenamms 
(Including a T}'^pe of So-Called Agranulocytosis), Am J M Sc 179 214 (Feb ) 
1930 
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leukocytes foi each cubic millimetei of blood should have been added 
by the transfusion, depending on the leukocyte count of the donor and 
the blood volume of the patient This is a single observation and does 
not piove anything It may be assumed, although it is not known, 
that the donoi had a noimal leukocyte count of from 5,000 to 10,000 
cells in each cubic milhmetei of blood , it is known that the leukocytes 
numbered 6,100 at the last examination before the transfusion 

We report fourteen cases in which the blood picture was that of 
agranulocytosis oi hypogi anulocytosis Twelve of the patients came 
undei 0111 observation at the Mayo Clinic m the last three yeais, one 
was seen by one of us (Dr Connei) in consultation with Di Gilbert J 
Thomas of Minneapolis (case 4), and regarding one case there was a 
telephone consultation with Dr J L Kestel of Waterloo, Iowa, who was 
acting as consultant with Dr E E Magee of the same city (case 7 ) 

REPORT OF CASES 

Case 1 — A woman physician, aged 58, had been a patient at the Mayo Clinic 
three times in previous years On March 31, 1928, she came to the clinic stating 
that m the autumn of 1927 she had had trouble somewhat similar to the present 
complaint, and had been under the care of her home physician The nodes on 
both sides of the neck had been enlarged, and her physician had made a diagnosis 
of pneumonia, she had been in bed for seven weeks, the nodes gradually had 
receded to normal size and had been of normal size since Examinations of the 
blood had not been made Ten days prior to her admission at the clinic the nodes 
m the right side of the neck had been swollen and tender , there had been sore 
throat and dysphagia, malaise, aching in the muscles and joints, loss of appetite 
and headache, but no chills, cough or thoracic pain The highest temperature had 
been 102 8 F 

At examination, the throat was very red, edematous and swollen , there were 
enlarged, hard nodes on both sides of the neck, the spleen was not palpable, and 
there were no palpable nodes elsewhere On April 3 there was pain in the region 
of the left breast, and a marked pleuritic rub was found , later bronchopneumonia 
occurred On April 6, an abscess developed on the left arm, and later required 
incision The temperature varied from 101 5 to 104 F , but gradually receded and 
was normal on the twelfth day Cultures from the throat revealed streptococci 
of the vindans and of the hemolytic types, and staphylococci, but no Coiynehac- 
tei mm diphthei lae Two blood cultures gave negative results Urinalysis dis- 
closed albumin graded 1 and 2, hyaline casts graded 1 and 2, granular casts graded 
from 1 to 4, an occasional erythrocyte and pus graded from 1 to 3 The diagnosis 
was agranulocytic angina and bronchopneumonia The patient returned home after 
four weeks and made an uneventful recovery 

The patient was readmitted on June 24, 1928 She had made good improvement 
and had gained IS pounds (6 8 Kg) A week before this admission, she had 
obtained, on her own initiative, roentgen treatment for the nodes of the neck which 
had not reached normal size Leukocytes had numbered 2,800 prior to the roent- 
gen treatment, and 1,750, the day after The day before admission there had been 

8a Since this paper was written six additional cases of agranulocytosis have 
been observed at the Mayo Chnic 
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malaise, nausea, ^omltlng, a temperature of 102 F and tenderness and swelling 
m the cervical and left inguinal nodes On admission, leukocytes numbered 1,500, 
98 5 per cent of which were lymphocytes and 1 5 per cent, neutrophils Further 
results of blood counts are given m the table There was a questionable pleuritic 
rub on the left, and some enlargement of the upper cervical nodes and the nodes 
in both inguinal regions Later, a node in the right groin underwent suppuration 
Still later, an inflammatory condition of the vulva developed Blood cultures, on 
June 30 and July 2, contained Klebsiella pneumoniae (Friedlander’s bacillus) On 
July 2 and 3, six injections of 10 cc of leukocytic extract were made subcutane- 
ously The temperature varied from 101 to 104 F until the day of death, when 
It was lOS 5 F by axilla, and the concentration of urea rose to 92 mg in each 
100 cc of blood Before death there was evidence of bronchopneumonia and a 
suggestion of ileus Permission to perform necropsy was refused 

Comment — This is a case of undoubted agranulocytic angina 
(Schultz’s syndrome) Although the nature of the attack six months 
prior to admission is somewhat doubtful, as incomplete observation was 
made, it seems likely that it was of the same kind as the last two It 
is inteiesting that there was leukopenia five weeks before the patient 
came under our obseivation, hut that seveial formei blood counts weie 
noimal, indicating that the bone mairow was foimeily active The 
inciease in leukocytes and gianulocytes soon after development of pneu- 
monia and the abscess on the aim suggest the possibility of using an 
acute infection theiapeuticallv, foi oidmaiily such infections are 
accompanied by leukocytosis The possible effect of the roentgen treat- 
ment of the nodes in bringing on the last attack must be kept m mind 
There was no noticeable effect fiom the use of leukocytic extract The 
occurrence of Klebsiella pneumomae m the blood may have been of 
little significance 

Casl 2 — A. woman, aged 37, a hospital nurse, came to the Mayo Clinic on 
Nov 15, 1928 She had first visited the clinic m 1908, for appendectomy, and 
five times subsequently for keratitis, cough and persistent general debility which 
ne^er could be attributed to any particular disease She had been m the hospital 
on several occasions There had been mild secondary anemia on several examina- 
tions One week prior to admission the left middle finger had become infected, 
painful and swollen Foui or five day's later, fever, headache, weakness and nausea 
had occurred Examination of the blood had been made two weeks before admis- 
sion, and the number of leukocytes in each cubic millimeter of blood had been 
found to be 2,000 

At examination, the pharynx and mouth were normal, there were swelling 
and tenderness in both submaxillary regions, induration of the submental region, 
some enlargement of the cervical nodes, but none of the axillary and epitrochlear 
nodes, a slight residual infection of the finger, a few ecchymotic and purpuric areas 
on the back, a few rales in the base of the right lung and a doubtfully palpable 
spleen There were 3,200 leukocytes in each cubic millimeter of blood, 100 per 
cent of which were lymphocytes Further counts are given in the table Three 
days after admission there developed a sore throat, with no distinct ulceration, 
and an impetiginous eruption on the face The patient rapidly became worse, and 
three days before death an inflamed, indurated area developed on one thigh A 
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transfusion of blood was given on November 22 The leukocytes, before transfusion, 
numbered 500, and three hours after transfusion, 200 m each cubic millimeter of 
blood The patient died on November 24 from terminal bronchopneumonia The 
diagnosis was agranulocytic sepsis without angina 

At postmortem examination numerous herpetic lesions weie found over the 
face and eyelids There were some petechiae over the sclerae The submaxillary 
glands on both sides appeared to be somewhat swollen Over the mesial surface 
of the left thigh there was an indurated area 10 cm in diameter, of purplish color 
On section, pus was not exuded There were numerous petechial hemorrhages 
over the epicardium The mj^ocardium was somewhat flabby The lower lobe 
of the left lung was of a daik purplish color, its consistency was markedly 
increased and crepitus could not be felt The color of the surface after section 
was diffusely purple, and numerous discrete hemorrhagic areas were seen There 
were an excess of bloody fluid and complete absence of air The lower lobe of the 
right lung revealed similar nodular, hemorrhagic areas The mucosa of the 
pyloric region of the stomach was injected, and there was present what appeared 
to be a recent ulcer, 1 cm m diameter In the cecum there were thirty or forty 
ulcers, some of which were covered bj^ a pseudomembranous exudate The bone 
marrow of the diaphysis of the femur was j'^ellow and fatty The bone marrow 
was absent from most of the ribs, but some ribs contained red marrow 

The bone marrow from the shaft of the femur was composed essentially of 
adipose tissue and a prominent reticulum In the meshes of the reticulum the 
cells were sparse, they were normal erythrocytes, an occasional nucleated erythro- 
cyte and what appeared to be immature leukocytes No definite myelocytes or 
mature polymorphonuclear cells were observed 

The pleura over the lower lobe of the left lung was somewhat thickened 
There was marked congestion of the blood vessels Many of the alveoli were 
filled with serum and erythrocytes Some alveoli contained small amounts of 
fibrin, but there was a striking lack of much cellular infiltration The cells that 
were present within alveoli were either lymphocytes or endothelial leukocytes filled 
with phagocytosed blood pigment Essentially the same changes were observed in 
the lower lobe of the right lung, except that there a feeble attempt at 
organization of the exudate by proliferation of fibroblasts apparently had been 
made A section of one of the submaxillary glands revealed edema and necrosis 
of tissue, particularly m the stroma of the gland and in the connective tissue 
capsule (fig 1) There was a diffuse, and, m places, a dense cellular exudate 
composed almost entirely of small lymphocytes and endothelial leukocytes Poly- 
morphonuclear leukocytes were practically entirely absent The stomach revealed 
a number of small ulcers, the bases of which were filled with necrotic tissue and 
clumps of bacteria (fig 2) The necrosis extended for a variable depth, in places 
penetrating the musculans mucosae In the colon there were numerous small 
ulcers , there was no inflammatory cellular reaction about the regions of necrosis 
The skin of the left thigh revealed marked edema of the corium with vascular 
congestion and small hemorrhages About some of the vessels there was cellular 
infiltration composed entirely of small lymphocytes 

The anatomic diagnosis was agranulocytic sepsis, bilateral bronchopneumonia, 
submaxillary adenitis, multiple visceral hemorrhages, multiple ulcers of the 
stomach and colon, cellulitis of the thigh and neck, and atrophy of the bone 
marrow 

Comment — This was a typical case of agranulocytic angina 
(Schultz’s syndrome) except that there was no distinct ulceiation of 
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the orophaiyngeal mucous membiane, but theie were ulceiative 
cutaneous lesions of the face and thigh The extieme reduction of 
leukocytes to 100 in each cubic millimetei of blood befoie death is note- 
worthy A heretofore unrepoited phenomenon is the rapid disappear- 
ance of tiansfused leukocytes and of the patient's own leukocytes, so 
that from 500 just hefoie tiansfusion they weie reduced to 200 three 
horns after tiansfusion Note should be made that in this case there 
were 2,000 leukocytes a week befoie the patient became ill 

Cash 3 — A. woman aged 54 a housewife, came to the Mayo Clinic on Alay 
12, 1930 Her history, before her present illness, was essentially unimportant In 



Fig 1 — Lymphocytic infiltration mainly in edematous stroma of submaxillary 
gland and some degeneration of glandular epithelium in a case of agranulocytosis 
There is complete absence of polymorphonuclear leukocytic infiltration Hema- 
toxylin and eosm, X 350 


Tuly, 1929, a sore throat developed Two weeks later the leukocytes numbered 
1,000 in each cubic millimeter of blood, the proportion of polymorphonuclear s was 
11 per cent A diagnosis of agranulocytic angina was made by her physicians at 
home, and the case was reported in detail by Dr G Parker,^ who saw her in con- 
sultation She was referred to us bv Dr H W Brink of Delavan, 111 , for further 
imestigation At the time of admission she was still easily fatigued and occa- 
sionalh had a sore throat 

At examination, small hemorrhoids and fibrous tonsils with sealed crypts were 
found Examination otherwise gave negative results Blood counts are given in 

9 Parker George AgranulocjUosis uith Case Report, Illinois M J 58 440 
(Dec) 1930 
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the table There were five teeth w'lth periapical infection and two impacted wis- 
dom teeth A diagnosis of agranulocj tic angina was made from the history, 
although evidence of this disease was not present at the time the patient was 
under our care Tonsillectomy w'as performed wnthout promise of benefit It was 
suggested that, if no improvement occurred m a few^ months, the infected teeth 
be evtracted The patient’s general condition w-as good at the last report 

Comment — This seems to have been a mild case of agranulocytic 
angina (Schultz’s syndiome), although the neutrophils were nevei 
below 11 per cent of the total of 1,000 leukocytes (hypogranuloc}tosis) 
Neithei the patient noi hei family knew of her having sufifered, at any 
time, fiom ulceration of the tin oat What effect the vaiious methods 



Fig 2 — Ulceration in stomach and necrosis of tissue, and almost complete 
absence of cellular infiltration m a case of agranulocytosis Hemotoxylin and 
eosin, X 20 

of tieatment had is conjectural The leukopenia had persisted, to the 
time of the last report, m spite of lemoval of evidently infected tonsils 
The occurrence of anothei attack at a latei date is to be feared 

Casl 4— a business man, aged 62, entered the Eitel Hospital at Minneapolis 
on July 22, 1926 In 1916 or 1917 he had had gross hematuria, and m 1919 
microscopic hematuria, cjstoscopic examination had given negative results Three 
weeks before entry he had had gross hematuria, frequency and urgency, general 
examination gave negative results, and cystoscopic examination disclosed papilloma 
of the bladder On July 24, suprapubic cjstostom) and cauterization of the tumor 
w'ere performed by Dr Gilbert J Thomas The day after the operation, fever 
developed and continued intermittently until sixty-three days after operation 
About thirty-three days after the operation sloughing of the operative wound 
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occurred, and the wound opened About twenty-four days after the operation, 
marked ulceration of the mouth and oropharynx developed and included the ton- 
sils and their pillars The patient’s general condition was grave Examination 
of the blood on August 6 disclosed that there \vere 10,700 leukocytes m each cubic 
millimeter of blood On August 22, about the time of the beginning of ulceration, 
the leukocytes numbered 3,600 and on August 23, 3,100, on August 24, the per- 
centage of polymorphonuclears was 4 and of lymphocytes, 96 Further blood 
counts are given in the table For several days it was impossible to find a 
polymorphonuclear, but on August 26 they again appeared, and in two days their 
percentage again was normal From September 13 to September 22, the number 
of leukocytes again was slightly diminished at times and the percentage of poly- 
morphonuclears varied from 47 to 56, but there was no recurrence of symptoms 
The patient made a good recovery, and recurrence has not taken place 

Comment — This case fits well into the group of cases of agranulo- 
cytic angina (Schultz’s syndrome), although the condition appeared after 
operation The recovery after complete disappearance of polymorpho- 
nuclears for four days is unusual Whether the opeiation or the anes- 
thetic had anything to do with the production of the agranulocytosis is 
conjectuial 

Case S — A housewife, aged 51, came to the Mayo Clinic on May 19, 1930, and 
because of abdominal pain and a roentgenologic diagnosis of diaphragmatic hernia 
she underwent operation on June 21, 1930 Convalescence was uneventful Leu- 
kocytes had numbered 8,700 in each cubic millimeter of blood, May 19, 1930, 
9 600, June 25, and 8,500, July 2 The patient returned to the clinic on December 
23 She had been well until one week previously, when the following conditions 
had developed headache, abdominal soreness with flatulence, and sore mouth 
and throat which had been different from any previous attack, and which had 
been associated with aphthous ulcers She evidently had had fever for several 
days before admission, and the sore throat had become worse 

At examination, the temperature was 101 8 F , but except for this, aphthous 
stomatitis was the only significant condition found Leukocytes numbered 2,500 
and erythrocytes 4,260,000 m each cubic millimeter of blood The concentration 
of hemoglobin was 13 1 Gm in each 100 cc of blood (normal concentration, from 
15 to 17 Gm ) On the following day, December 24, leukocytes numbered 1,400 , 
the percentage of neutrophils was 2, of lymphocytes, 84, and of monocytes, 14 
Platelets numbered 118,000 in each cubic millimeter of blood The patient was 
hospitalized December 26, at which time her temperature was 100 F , and leuko- 
cytes numbered 6,000, of which 51 per cent were polymorphonuclears December 
27, the temperature was normal , leukocytes numbered 3,400, of which 45 per cent 
were neutrophils A blood culture was negative, and a culture made from a 
throat swab disclosed green-producing streptococci There was a gradual rise in 
the number of leukocytes and in the percentage of neutrophils, until, at the time 
of dismissal of the patient, January 3, leukocytes numbered 7,600, and the per- 
centage of neutrophils was 67, of monocytes, 3, of lymphocytes, 30, and of 
reticulated cells, 1 4 Platelets numbered 136,000 in each cubic millimeter of 
blood The smears appeared to be practically normal The stomatitis had 
improved markedly, and the patient’s general strength w'as much increased A 
diagnosis of mild agranulocytic angina, with spontaneous recovery, was made 
No treatment of anj-^ kind ivas administered 
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The patient A\ent home on Jan 3, 1931, and returned on January IS She had 
been feeling well On January 13, leukocytes had numbered 3,560, and on January 
14, 2,930 The patient returned at her physician’s advice, feeling perfectly well 
She had not had sore throat or sores elsewhere, and only a few ulcers of 
aphthous stomatitis At examination ulcers were not seen On January 15, the 
concentration of hemoglobin was 75 per cent, and erythrocytes numbered 4,840,000 
and leukocytes, 1,400, in each cubic millimeter of blood The percentage of lympho- 
cytes was 76 5, of large mononuclears, 11, of neutrophils, 11, and of basophils, 1 
Platelets numbered 172,000 No enlargement of glands or nodes was found, and 
the spleen was not palpable The patient was given roentgen treatment over the 
upper end of each femur and humerus and in both cubital spaces, on the basis of 
results obtained by Friedemann and Elkeles^® A blood culture was again nega- 
tive, and a culture made from throat swabs contained green-producing streptococci, 
gram-positive bacilli and staphylococci Four days later a moderate number of 
small ulcers was present, they appeared much like those of aphthous stomatitis 
At the time the ulcers appeared, leukocytes numbered 5,300, tlie percentage of 
Iymphoc 3 '^tes was 67, of large mononuclears, 13, and of neutrophils, 30 The 
ulceration gradually spread to the anterior pillars and involved the tonsillar region 
There was slight swelling in the cervical region and some tenderness The ulcers 
gradually improved, and by January 26 were almost completely healed The leu- 
kocyte count continued to be high, compared to what it had been No cause could 
be found for this increase in the number of leukocytes except possibly the stimula- 
tion of the bone marrow by the roentgen rays The patient has been under obser- 
vation until the time of the writing of this report and has not shown evidence of 
recurrence of the condition 

Comment — Apparently this is a case of ' agianulocytic angina 
(Schultz’s syndrome) , the second attack was especially characteristic 
The ulceiation, although definite, was not marked The rapid recovery 
fiom the first attack, with the early relapse, and recovery from the 
second attack aie noteworthy It may be possible that the recoveiy 
can be attributed to the loentgen treatment, given according to the 
method of Friedemann, with the use of 1/20 erythema dose The 
increase in the number of leukocytes following its use is worthy of 
note 

Case 6 — A housewife, aged 48, first came to the Maj^o Clinic on Aug 19, 
1921 , she returned seven times in the ensuing nine j’-ears Leukocytes in 1921 and 
1922 were normal in number 

Subtotal abdominal hysterectomy was performed on Nov 4, 1930, for fibromy- 
omas Recovery was uneventful for ten days Then slight, apparently super- 
ficial, pain developed m the left side of the thorax, and slight tenderness in the 
pelvis General examination of the thorax gave negative results Evidence of 
phlebitis was not found Seventeen daj's after operation slight pain developed on 
the inner surface of the right thigh, which gradually became worse and involved 
the whole thigh There was deep-seated tenderness but no edema A diagnosis 
of phlebitis was made, the leg was elevated and heat was applied Leukocytes, 
ten days after operation, numbered 18,800 in each cubic millimeter of blood On 

10 Friedemann, U, and Elkeles, A Die Roentgenbehandlung der Agranulo- 
zvtose, Deutsche med A¥chnschr 56 947 (June 6) 1930 
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December 11, thirty-seven dajs after operation, sore throat and a temperature of 
103 F developed On December 12, leukocvtes numbered 4,600 On December 
15, the number of leukocytes had fallen to 2,000, of which none was a polymorpho- 
nuclear, erythrocytes numbered 4,580,000, and the concentration of hemoglobin 
was 65 per cent Further blood counts are given in the table The temperatuie 
continued high until the death of the patient, December 21 The patient was 
extremely weak, but her appearance was not that of extreme illness Two blood 
cultures, a Widal test and an agglutination test for undulant fever gave negative 
results Typhoid bacilli were not found in the stools There was a moderate 
amount of albumin in the urine, and the roentgenogram of the thorax did not 
disclose any abnormality The patient’s course was rapidly downward Large doses 
of yellow bone marrow were given without effect, and one transfusion caused a 
severe reaction Roentgen treatment uas given over both shoulder girdles and 
o\er the cervical region, without effect Death occurred on December 21 Records 
of necropsj'^ are not available 

Comment — ^This case should piobably be classified with those of 
agi anulocytic angina, although soieness of the tin oat was not marked 
and there was no definite ulceiation Agianulocidosis was complete 
foi five days befoie death Leukocytes numbeied 18,800 in each cubic 
millimeter of blood a month before the appeal ance of the agranulo- 
cytosis This suggests eithei that the depiession of the bone mariow 
lesulting in the agi anulocytosis was a sequel of the infection, which 
was accompanied by leukocytosis, that it was the result of the infec- 
tion causing the soie tin oat, oi that it was the lesult of some unknown 
factoi that depressed the bone inaiiow m the inteival between the two 
infections A lapidly fatal outcome a shoit time after a patient has 
seemed lelatively well has been noticed by otheis 

Cask 7 — A woman, aged 30, was admitted to the hospital m Waterloo, Iowa, 
on March 10, 1929 She had been ill one week with a condition of the throat 
that was thought to be Vincent’s angina There was considerable ulceration in the 
tonsillar region and adjacent structures Prostration was faiily marked, the tem- 
perature was 102 F , the pulse rate was 120 beats each minute, and respirations 
were 20 each minute Examination did not reveal any abnormality except ulcera- 
tion and redness in the throat The concentration of hemoglobin was 85 per cent, 
erjthrocytes numbered 4,250,000 and leukocytes 6,700 in each cubic millimeter of 
blood The percentage of lymphocytes was 90, of large mononuclears, 9, and of 
polymorphonuclears, 1 Smears from the throat contained Vincent s organisms 
The following day the patient was irrational, her temperature was 1044 F , leu- 
kocytes numbered 6 100, and polymorphonuclears were absent Further blood 
counts are given m the table The next daj'^ the gums and mouth were painful, 
swollen and bleeding, and the swelling extended to the sides of the neck The 
patient gradually grew^ wmrse , twm transfusions of blood were given, and diph- 
theria antitoxin w'as administered Nine daj^s after admission the patient seemed 
better, the number of leukocites had risen to 3,950, and the proportion of poly- 
morphonuclears W'as 76 per cent Eleven daj's after admission the patient’s condi- 
tion suddenly became worse and she died soon thereafter At the time of her 
death the leukoc^ tes numbered 7,600 and the proportion of pol\ morphonuclears 
was 86 per cent 
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Comment — Fiom the desci iptioii, this case seems to have been one 
of agranulocytic angina The lathei sudden death in the piesence of 
noimal values foi the total numbei of leukocytes and a high peicentage 
of gianulocytes, even though these weie somewhat immatuie, seems 
likely to have occuiied as a lesult of some complication 

Case 8 — A girl, aged 4 years, whose family history was unimportant, was 
brought to the Mayo Clinic on Dec 29, 1929 Her health had been good until the 
onset of the illness for which she was brought to the clinic In July she had 
become pale and listless, and m the six weeks preceding our examination, weakness 
and anorexia had been marked There had been some vomiting, dark stools, mild 
abdominal pain and possiblj'' fever 

At examination, pallor was marked, there was a systolic murmur over the 
whole precordium , the pulse was moderately accelerated , the spleen and liver 
were not palpable The concentration of hemoglobin was 10 per cent , erythrocytes 
numbered 860,000 and leukocytes 4,000 m each cubic millimeter of blood The propor- 
tion of lymphocytes was 76 per cent, and of neutrophils, 18 per cent Additional 
blood counts are given in the table The Wassermann reaction of the blood, 
examination of stools and roentgenologic examination of the stomach, colon and 
thorax gave negative results Emergency transfusions of blood were given at 
entry, and many were given later The second day the tonsils were swollen and 
red, there was some exudate on the surface and oral fetor was noted The cervical 
and left axillary nodes were moderately enlarged, and by rectum a small, smooth 
mass to the left of the median line was felt Cultures made from the tonsils did 
not contain Coiyncbactcmim diphthci tac, but many fusiform organisms and spirilla 
were found Two blood cultures gave negative results, but Eschet iclna colt was 
found in the urine repeatedly On Jan 13, 1930, a small dose of radium was 
applied to the left submaxillary region The cervical adenopathy was greatly 
reduced, and the throat and mouth were practically clear Several furuncles 
appeared on the neck, and the symptoms referable to the throat recurred The 
temperature continued to be elevated, and bilateral otitis media developed The 
inguinal adenitis and the furunculosis m the sternal region progressed to formation 
of abscess Cellulitis developed in the region of the left side of the jaw A cervical 
abscess was drained surgically The inguinal adenitis became suppurative, and 
the abscesses were drained On February 19, acute tonsillitis with cervical adenitis 
again developed, and was more marked on the right On February 21, there was 
a membranous exudate involving a large portion of both tonsils, and two days 
later, superficial ulceration A culture contained Vincent’s organisms Leuko- 
cytes numbered 1,000 in each cubic millimeter of blood, of which the percentage 
of lymphocytes was 84, and of polymorphonuclears, 14 The smears did not, at 
any time, contain immature leukocytes suggestne of acute leukemia The ulcera- 
tion spread widely Jaundice and cyanosis rapidly developed and continued until 
the death of the patient, Feb 24, 1930 The patient’s temperature varied from 99 
to 106 F while she was in the hospital A diagnosis of agranulocytic angina 
(hypogranulocytosis) seemed more justified than others Fetal liver, 1 drachm 
(3 91 Gm ) daily, was given during most of the period of hospitalization 

At necropsy, the distal third of the appendix was reddish purple, it was 
coiled, moderately distended and coveted with a yellowish, fibrinous exudate A 
number of ileocecal lymph nodes were enlarged 

There were numerous petechial hemorrhages scattered diffusely in the sub- 
epicardial tissue A minute vegetation, apparently of recent origin, was present 
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on one of the cusps of the mitral valve There were numerous subpleural petechial 
hemorrhages scattered over the surfaces of both lungs, and over the anterior 
surface of the right upper lobe was an area of subpleural hemorrhage, measuring 
1 cm m diameter 

The superior surface of the tip of the tongue was discolored, due to hemor- 
rhage, and there was an area of ulceration, measuring 4 mm in diameter, which 
was covered with yellowish exudate A similar exudate also covered the base 
of the tongue, about the circumvallate papillae The faucial tonsils were moder- 
ately enlarged and deeply hemorrhagic Over the epithelial surface of the tonsils, 
dipping into their crypts, was a yellowish, fibrinous exudate In the crypts the 
exudate was intimately attached, whereas on the surface of the mucous membrane 
It could be easily peeled oft There was considerable necrosis of the superficial 
layers of tissue, and m places the necrosis extended deeply into the tonsils The 
pharynx was deeply hemorrhagic and was covered by an exudate similar to that 
present on the tonsils , there were beginning sloughing and ulceration of the mucosa 
The epiglottis was mildly congested The nma glottidis was edematous, the 
edema effecting nearly complete closure The upper part of the larynx, down to 
and including the vocal cords, was also markedly edematous and congested, and 
was covered with 3 'ellowish exudate such as was present in the pharynx The 
mucosa of the vocal cords presented the appearance of superficial ulceration 

The gastro-intestmal tract appeared normal except for the presence of three 
punched-out ulcers 0 5 cm in diameter in the terminal portion of the ileum 

The mucous membrane of the urmarv bladder was edematous, and there were 
numerous small hemorrhagic areas m the submucosa The thymus appeared to 
have undergone complete involution The diaphyseal marrow of the femur pre- 
sented a reddish appearance 

Smears from the tonsils, made after death, revealed Neissetia cataii halts 
(Mtci ococcus catau halts) , streptococci, Bonelia vmcenti and Enstfoimts dentmm 
(Vincent’s organisms) Cultures made under the same circumstances, from the 
contents of the appendix, contained streptococci of a hemolyzmg strain, in long 
chains, and Eschei tchta coh Cultures from the serosa of the appendix contained 
Staphylococcus auteits m pure culture, and those from the bone marrow of the 
right femur contained a hemolyzmg strain of streptococci m long chains 

Sections of the tonsils and of the pharynx presented extensive regions of 
ulceration and necrosis (figs 3, 4, 5 and 6) The necrotic tissue remained attached 
to the base of the ulcer, it was matted together by dense masses of fibrin in 
which there were clumps of deeply blue-staining material of varying size, probably 
bacteria There was extensive thrombosis of the smaller blood vessels In the 
pharynx the ulcer extended for a variable depth, in places reaching the muscular 
layer In the tonsils the necrosis was most marked about the crypts, and extended 
as deeply as the fibrous capsule, even traversing it m places The cellular reaction 
about the necrotic tissue was very feeble and was composed mainly of small and 
large lymphocjhes and scattered endothelial leukocytes The polymorphonuclear 
leukocj'tes were extremely scanty There were areas of ulceration of the mucosa 
of the tongue m the midst of an area of widespread necrosis The epithelium, in 
places, remained attached to the underlying tissue, although almost all of it was 
necrotic The necrosis extended deeply into the muscular tissue, but the necrotic 
tissue showed no tendency to separate from its base There was practically no 
cellular reaction about the region of necrosis There were edema of the mucous 
membrane of the epiglottis and small, focal areas of necrosis, surrounded bj 
infiltration of small and large hmphocvtes and immature fibroblasts 
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Fig S —Ulceration of pha’'yngeal mucosa and necrosis of pharyngeal wall 
with the presence of clumps of bacteria m a case of agranulocytosis Hema- 
toxylin and eosin , X 20 



Fig 6 — Base of pharMigeal ulcer, showing very sparse cellular infiltration 
composed almost entire^ of lymphocytes and an occasional polymorphonuclear 
leukocyte Hematowlin and eosin, X 350 
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In the bone marrow of the diaphj^sis of the femur were a small number of cells, 
and the prominence of the reticulum was increased (fig 7) There were main 
megaloblasts and occasional normoblasts Cells of the myelocyte series nere 
hardly to be seen, although here and there an occasional eosinophilic or neutro- 
philic polymorphonuclear cell could be found There were, in addition, some 
large and some small lymphocytes, and an occasional niegakaryoc 3 de Macrophage 
cells contaninig phagocytosed blood pigment were numerous The hepatic paren- 
chjma presented diffuse granular degeneration and a focal region of necrosis 
about which there was no cellular reaction There was a deep ulcer m the ileum, 
filled with necrotic tissue, fibrin and large clumps of bacteria, but there was no 



* c— 



Fig 7 — Bone marrow in a case of agranulocytic angina showing prominence 
of cells of reticulum, small and laige lymphocytes and endothelial leukocj'tes 
(macrophage cells) Granular cells of myeloid series are absent Hematoxhn 
and eosin , X 9C0 


cellular reaction about this region of ulceration (fig 8) The appendix presented 
large regions of necrosis, containing large clumps of bacteria, there was some 
infiltration with lymphocytes about these regions, but there were practically no 
polymorphonuclear cells The microscopic study of the other tissues revealed 
nothing notable pathologically 

The anatomic diagnosis was agranuloc 3 'tic angina , acute laryngitis with edema 
of the glottis, acute appendicitis, superficial ulceration of the terminal portion 
of the ileum, focal necrosis of the liver, petechial hemorrhages of the pleurae 
heart and urinar 3 bladder, and involution of the thymus 
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Comment — The notable featuies ui this case were the maiked anemia 
and the hjpogianulocytosis The anemia was not of the aplastic type, 
as shown by the normal or increased peicentage of reticulocytes and the 
fairly normal platelet level Otherwise, the case would correspond 
taiily well with agi anulocytic angina Administi ation of fetal liver 
appal ently had no effect The piesence in the bone marrow of strepto- 
cocci of a hemolyzing stiain, found at necropsy, is of interest 

Case 9 — A housewife, aged 47, came to the Mayo Clinic on July 25, 1929 The 
famih^ history was unimportant She had had influenza, scarlet fever and diphtheria 
In February, 1929, cold m the head and “grip” had developed, and she had been in 



Fig 8 — Ulceration and necrosis m superficial layers of the ileum, and absence 
of cellular infiltration in a case of agranulocytic angina Hematoxylin and eosin, 

X ion 

bed one week She had continued to be weak, some soreness of the throat had 
de\ eloped again, and she had been m bed nine weeks Beginning m April she had 
had some fever, had continued to be weak, had received some treatment of the 
accessor^ nasal sinuses and had been given a diet high m calories Leukocytes had 
numbered 2,750 in each cubic millimeter of blood, of which 83 per cent were 
hmphocytes and 17 per cent polymorphonuclears The Widal test and blood cultures 
had given negative results The patient had become progressively weaker, had 
vomited in the week just before her admission to the hospital and had had a slight 
cough and a slightly sore throat 

\X examination the temperature was 99 6 F , and the pharynx was red General 
examination otherwise gaie negative results The concentration of hemoglobin 
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was 61 per cent, erythrocytes numbered 4,510,000 and leukocjtes 2,300 The 
percentage of lymphocytes was 76, and of neutrophils, 11 There was onlj^ an 
occasional polymorphonuclear in the blood smears The Wassermann reaction of 
the blood was negative, and achlorhydria was present Roentgenograms of the 
thorax, stomach and duodenum gave negative results There were six infected 
teeth, and the tonsils had been cleanly removed The diagnosis was probable mild 
agranulocytic angina (hypogranulocytosis) The patient was treated with an 
extract of yellow bone marrow prepared from long bones Subsequent blood 
counts made by her physician at home are given m the table Her physician 
reported that she is now in excellent condition 

Comment —This case probably was one of mild agiaiuiloc}tic 
angina (Schultz’s syndiome) with hypogranulocytosis only At one 
time, examination of the blood smeais disclosed almost no polymoipho- 
nuclears, although the lowest number recorded was 1 1 per cent of 2,300 
leukocytes (h 3 'pogranulocytosis) The apparent recovery with the use 
of an extract of bone marrow is worthy of note, although its occuirence 
may be only coincidental 

Case 10 — A housewife, aged 31, came to the Mayo Clinic on July 21, 1930 
She had had good health until March, 1930, when she had had a sore throat, with 
swelling of the neck and dysphagia, lasting four or five days The gums had 
become spongy and sore and had bled somewhat, local treatment had resulted in 
improvement She had felt well until May, and the soreness had disappeared In 
the two weeks previous to her registration at the clinic she had had a sore throat 
again and also herpetic lesions on the lips There had been a small ulcer on the 
tongue, which had been greatly swollen There had been soreness of the right 
cheek and swelling of the right side of the face, which had persisted to the time 
of her entry There had been a small blister in the right axilla m the week pre- 
vious to registration 

At examination there was indurated swelling of the right parotid and sub- 
maxillary glands, and of the right side of the neck, and there was some ulceration 
of the right cheek There were superficial ulcerations m various portions of the 
mouth which suggested Vincent’s angina, and a smear from the throat contained 
Borreha vincenti and Fusiformis dentium The concentration of hemoglobin was 
60 per cent, erythrocytes numbered 3,860,000, and leukocytes 4,500 The per- 
centage of small lymphocytes was 42, of lymphocytes, 20, of transitionals, 15, of 
neutrophils, 22, and of eosinophils, 1 Additional blood counts are given in the 
table The patient was given 3 grams (0 195 Gm ) three times daily of yellow 
bone marrow extract and 20 grains (1 3 Gm ) three times daily of feme citrate 
There was gradual improvement, the inflammatory mass disappeared and the 
ulcers healed The diagnosis was probable agranulocytic angina, and the possibility 
of recurrence was explained to the patient She was dismissed August 16 m fair 
condition 

Comment — ^There were apparently two separate attacks This case 
IS of doubtful diagnosis as the total number of lymphocytes was 
actually increased at times Sometimes the blood picture was that of 
lymphocytosis, at other times that of hypogranulocytosis Neverthe- 
less, It IS somewhat likely that the condition m this case is closel} 
1 elated to agranuloc 3 l:ic angina (Schultz’s syndrome), although the Ion- 
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est numbei ot polymorphonucleai s was 20 pei cent of 4,900 leukocytes 
(h}pogianulocytosis) The improxement dunng the use of bone mai- 
low may oi ma)’^ not lie significant 

C^SE 11 — A farmer, aged 59, came to the Mayo Clinic on Oct 2, 1929 The 
family history w'as unimportant For fiye jears he had had flatulence after meals 
wdnch had been worse with certain foods He had had pain m the right upper 
abdominal quadrant about twice iveekly, and a severe attack three weeks preyious 
to his registration at the clinic , feyer and weakness had been present since the 
last attack No nausea, vomiting or jaundice had been noted, but there had been 
marked constipation, a small urinary stream, recent anorexia and nocturia graded 
1 the pre\ lous v ear For four years there had been occasional shooting pain in the 



Fig 9 — Bone marrow m a case of agranulocytosis, showing numerous plasma 
cells, Ij'mphocytes and occasional normoblasts There is almost complete absence 
of granular leukocytes of the myeloid series Hematoxylin and eosm, X 900 

left flank, radiating to the groin The patient’s complaint was of weakness, 
jaundice, fever and abdominal pain 

At examination, the pulse rate was 116 beats each minute, the blood pressure 
was 112 svstolic and 80 diastolic, and the temperature was 102 F Jaundice graded 
2 was present A mass in the left upper abdominal quadrant apparently was the 
spleen The Iner was approximately normal to percussion, but the edge was not 
felt There was no ulceration of the throat Albuminuria w’as graded 2 to 3, 
the urine contained bile, granular casts graded 1 and an occasional pus cell 
Tvrosme was found in the urine twice by chemical examination The return 
of phenolsulphonphthalem w'as 30 per cent, and 225 cc of residual urine was 
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present Roentgenograms of the kidnej^s, ureters and bladder were unsatisfactory, 
and those of the colon gave negative results , roentgen examination indicated that 
the gallbladder was not functioning The Wassermann reaction of the blood was 
negative Examination of stools gave negative results for parasites and blood, but 
the stools contained bile The concentration of gastric acids was normal Three 
blood cultures contained Salmonella scliotlimillei i (Bacillus pai atyplwsus B) 
Agglutination tests for undulant fever, typhoid fever and tularemia gave negative 
results, agglutination tests with Salmonella schoffmuUen gave positive results 
m a dilution of 1 2,560 The fragility test disclosed increase m resistance of 
erythrocytes The concentration of urea was 38 mg m each 100 cc of blood, 
and of bilirubin, was variously 41,42 and 3 8 mg in each 100 cc of serum The 
van den Bergh reaction was direct The concentration of hemoglobin was 35 per 
cent, and the erythrocytes numbered 1,960,000 m each cubic millimeter of blood 
The number of leukocytes m each cubic millimeter of blood was, successively, 
2,200, 1,100, 1,100, 1,200, 1,000, 600, 900, 700, 1,200, 1,000, 1,000, 1,100, 1,000, 
3,000, 1,800, 400, 1,600, 1,800, 1,500, 800 and 1,600 Further data are given m the 
table The percentage of polymorphonuclear leukocjdes was 13 on the daj’^ of 
the patient’s admission to the clinic, 56, two weeks later, 64, sixteen days after 
entry and 20, three days before death Immature leukocytes were not found, 
except on one occasion The diagnosis was Salmonella schoitnuillei i septicemia 
with agranulocytosis Six transfusions of 250 cc of blood were given, and 200 mg 
of acnflavine was given intravenously The patient graduallj became worse, 
went into a typhoid state and died Before death, generalized impetiginous ei uption 
developed, especially over both buttocks, and a bullous eruption appealed in the 
mouth, which somewhat simulated the oral lesions of pemphigus 

At necropsy numerous bluish macules, from 1 to 8 mm m diameter, were found 
over the skin of the trunk, laterally and posteriorly There was moderate 
jaundice 

The epicardial fat was bile-stained, and there were some petechial hemorrhages 
over the posterior surface of the right ventricle, near the base The myocardium 
was somewhat softened, and in the subendocardial tissue there was a faint 
yellowish mottling, as of fat There were small, firm, nodular lesions from 
1 to 2 cm m diameter, scattered through both lungs, the result of consolidation 
The spleen weighed 1,225 Gm , was of normal consistenc}'^ and presented a 
diminution in the prominence of the lymphoid follicles The liver weighed 
2,565 Gm , but showed no other significant gross pathologic changes The 
esophagus revealed, in its lower portion, many superficial erosions In the cecum, 
ascending colon and proximal half of the transverse colon, there were many 
mucosal abscesses, measuring from 1 to 2 mm in diameter There was some 
edema and some hemorrhage involving the mucosa of the bladder The prostate 
gland was slightly enlarged The entire right lobe had been destroyed and was 
replaced by an abscess In the left lobe there was an abscess measuring 1 cm in 
diameter 

Sections of the bone marrow of the shaft of the femur revealed that the 
cells were sparse and that there was a moderate increase m the amount of fat 
(fig 9) The most striking feature was the presence of numerous plasma cells, 
occasional megaloblasts and normoblasts, small and large lymphocytes and large 
endothelial leukocytes Polymorphonuclear leukocytes and myelocytes were almost 
completely absent, only one eosinophilic neutrophil was seen in the entire section 
Occasional large mononuclear cells contained mitotic figures 

In the lower lobe of the left lung, thrombosis of some of the veins were seen 
there was evidence of organization m thrombi, and surrounding them were regions 
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of infection In scattered situations elsewheie the pulmonary alveoli were filled 
with fibrin and erythrocytes, but leukocytic infiltration was absent in the regions 
of consolidation Sections of the right lung presented essentially the same 
appearance except for the absence of infection In the rectum, a small region 
of necrosis beneath the intact mucosa was surrounded by a thin wall of lympho- 
cytic infiltration, but there were no polymorphonuclear leukocytes 

Both kidneys revealed granulai degeneration of cells of the tubular epithelium 
and small lesions of focal necrosis scattered throughout the cortex These 
portions were infiltrated with lymphocytes and endothelial leukocytes The wall 
of the prostatic abscess was edematous and infiltrated with lymphocytes Poly- 
morphonuclear leukocytes were entirely absent Sections of the rectus abdominis 
muscle revealed small hemorrhages between bundles of muscle fibers and places 
in which the muscle fibers were swollen, hyaline m appearance, without striations 
and with completely degenerated nuclei In the corium of the skin, there were 
miliary abscesses composed of small and large lymphocytes and a few polymorpho- 
nuclear leukocytes 

The anatomic diagnosis was paratyphoid fever, with multiple small ulcers in 
the colon , agranulocytosis , splenomegalia , hypertrophy of the liver , fatty 
changes m the myocardium , jaundice with hemorrhagic bullae and abscesses of 
the skin , bronchopneumonia , acute nephrosis , Zenker’s degeneration of the rectus 
abdominis muscles, and multiple abscesses of the prostate gland 

Comment — This case of hypogranulocytosis does not belong in the 
group of agranulocytic angina (Schultz’s syndrome) It is of special 
interest because of the continued piesence of Salmonella schoUmxillen 
in the blood and the positive agglutinative pioperty of the serum in high 
dilution foi this organism Whether there was an actual case of para- 
typhoid fever complicated with the prostatic abscess, or whether the 
prostatic abscess was primary and the septicemia secondary, must 
lemain conjectural The well marked anemia is also notable The 
SIX transfusions of blood seemed of little value Aciiflavine was not 
given a fan trial 


Case 12 — A housewife, aged 55, came to the Mayo Clinic on April 14, 1930 
The family history was essentially unimportant, and the patient had been healthy 
previous!} Seventeen days before her registration at the clinic she had had 
so-called influen^, and her nose had been swollen She had been given cathartics 
Hemorrhoids, wmfh she formerly had had, recurred, sloughed and left an anal 
ulcer This caused soreness, and a feeling of anal obstruction and tenesmus 
At examination, an open wound was found, which involved the whole posterior 
portion of the anus The concentration of hemoglobin was 52 per cent, erythro- 
cytes numbered 3,870,000, and leukocytes 3,600 in each cubic millimeter of blood 
A differential count was not made Treatment of the ulcer and injection into the 
hemorrhoids was carried out, with good results Thirteen days after rectal treat- 
ment there were general malaise, anorexia, aching in the bones, a temperature of 
100 F, indefinite soreness in the left lower abdominal quadrant, headache and 
constipation On the patient’s readmission to the hospital the temperature was 
101 5 F , and it varied from 100 to 104 F until she died At readmission, 
leukocytes numbered 350 m each cubic millimeter of blood, of which 51 per cent 
were bmphocytes and 36 per cent polymorphonuclears Additional blood counts 
are given in the table Attempts at agglutination of Alcahgines abohis, Ebei- 
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thella typhi (Bacillus typhosus) and Salmonella paiatyphi (Bacillus patatyphosus 
A) and Salmonella schotfmullen (Bacillus pai alyphosus B) gave negative results 
Blood cultures were contaminated The concentration of bilirubin was 2 8 mg . 
in each 100 cc of serum, the van den Bergh reaction was direct, the con- 
centration of urea was 30 mg in each 100 cc of blood Three days after 
admission there were soreness and a tender mass in the right lower abdominal 
quadrant The day before death, ulceration developed on the right buttock, and 
there was a large hemorrhagic inflammation on the right arm Operation for 
the abdominal abscess was not considered advisable The concentration of urea 
was 126 mg and that of creatinine, 5 2 mg m each 100 cc of blood on the day of 
death The patient died eight days after she reentered the hospital Permission 
for necropsy was refused 

Comment — This patient did not have angina and cannot be con- 
sidered as having had agranulocytic angina The leukocytes were very 
few and the total numbei of granulocytes veiy small, although the 
percentage (35 per cent of 350) was not exceptionally low There was 
leukopenia when the patient first entered the clinic, but former lecords 
of leukocyte counts weie not available This case illustrates, as does 
case 8, the possibility of the anus and rectum being the principal sites 
of the infection There was moderate anemia 

Case 13 — A contractor, aged 54, came to the Mayo Clinic on July 14, 1930 
The family history was not significant In April, 1930, the patient had become 
weak and fatigued, and boils had appeared on all parts of the body His con- 
dition gradually had become worse In the last six weeks before he came to the 
clinic the left leg and hand had been numb 

At examination, the temperature was 99 2 F , there were slight icterus, many 
small furuncles, a palpable spleen and liver and a small anal ulcer The con- 
centration of hemoglobin was 18 per cent, the erythrocytes numbered 1,990,000, 
leukocytes, 1,000 and platelets, 144,000 in each cubic millimeter of blood Reticulo- 
cytes were present in the proportion of 1 2 per cent Additional counts are given 
in the tabulation The Wassermann reaction was negative The first blood 
culture was negative, but the second contained a streptococcus of a hemolyzmg 
strain The urine contained occasional erythrocytes and leukocytes The con- 
centration of bilirubin was 1 mg in each 100 cc of serum, that of urea was 
variously 32 and 38 mg in each 100 cc of blood, and the value for gastric acids 
was normal The temperature ranged from 99 5 to 104 5 F 'Jkeatment consisted 
of transfusions of blood and one intravenous dose of gentian violet Death 
occurred thirteen days after the patient entered the hospital The diagnosis was 
septicemia from a hemolyzmg strain of streptococci, with hypogranulocytosis 

Comment — This patient did not have angina The hypogranulo- 
C}dosis was associated with an infection of the skin and of the anus 
There was marked anemia which was not of the aplastic type, as was 
indicated by the practically normal values for platelets and reticulocytes 
The failure of the gentian violet given intravenously, and of the trans- 
fusions, to produce cure should be noted The streptococcic septicemia 
probably was a secondary event 



144 


ARCHIVES OF INTERNAL MEDICINE 


Case 14 —A hotel waiter, aged 40, came to the Mayo Clinic on Oct 28, 1929 
He had been well until March, 1929, when he had had chills, a temperature of 
103 F and urinary frequency He had been m the hospital nine weeks, when he 
had had fever, dysuria, urinary frequency and pyuria An abscess of the right 
foot had been incised, and pus had drained from it for six weeks An abscess of 
the sternal region had been incised twice Pam had developed in the lumbar portion 
of the spinal column, had increased and had been aggravated by motion He had 
been practically bedfast since the onset of the illness and had lost 75 pounds 
(34 Kg ) 

At examination there were a temperature of 99 5 F , slight redness of the throat, 
ulcerative gingivitis, a palpable spleen, the scar of an abscess on the right foot and 
a sinus in the sternal region The concentration of hemoglobin was 63 per cent 
The erythrocytes numbered 3,760,000 in each cubic millimeter of blood, and 
leukocytes, 2,000, 83 per cent of which were lymphocytes, 10 per cent, large 
mononuclears, and 7 per cent, transitionals , neutrophils were absent Urinalysis 
disclosed a few pus cells and a trace of albumin in two specimens The Wasser- 
mann reaction of the blood and blood cultures were negative Smears and cultures 
from the mouth disclosed Fnsifoi mu denhum and Boirelia vincenti, but no 
Co} ynebacteimm dtphtheitae Two smears from the sternal sinus did not contain 
actmomyces or Mycobacfetnim tuberculosis Roentgenograms of the thorax 
suggested that there were foreign bodies in the soft tissues below the left clavicle , 
those of the thoracic portion of the spinal column indicated that there was an 
increase in the density of the twelfth thoracic and the first lumbar vertebrae, 
suggesting metastatic carcinoma, whereas those of the kidneys, ureters and bladder 
did not give evidence of abnormality The diagnosis was chronic infection with 
agranulocytosis, involving the urinary tract, spinal column, sternum and foot 
particularly Tuberculosis was also considered There was gradual failure, and 
the patient died twenty-three days after admission 

Necropsy revealed a deep ulcer over the right side of the manubrium and over 
the mesial third of the right clavicle This ulcer represented the opening of a 
sinus between the second and third ribs on the right side, and behind the 
manubrium and the posterior surface of the upper half of the sternum, the tract 
also connected with a narrow channel that led to the right axilla Along the 
latter tract there were several cystlike accumulations of a clear, light brown 
fluid Tlie spleen weighed 780 Gm Its consistency was moderately increased 
The lymphoid follicles were prominent In the descending colon and rectum there 
were numerous, superficial, discrete, dark pink ulcers, more numerous in the 
lower part of the rectum Between the twelfth thoracic and first lumbar 
vertebrae, an abscess was encountered which involved the intervertebral disk 
and which was continuous with a large cavity posterior to the right psoas muscle 
The abscess contained 20 cc of viscid, purulent material There was no 
evidence of involvement of the vertebrae 

Sections of skin in the region of the ulcer presented little evidence of 
inflammatory reaction, there was practically no cellular infiltration The sinus 
tract consisted of a thick layer of granulation tissue, which was infiltrated 
densely with lymphocytes, plasma cells and endothelial leukocytes, many of which 
were phagocytic A part of the fibrocartilage of the intervertebral disk was 
replaced by fibrous tissue which was densely infiltrated with lymphocytes, plasma 
cells and many phagocytic cells, and there were numerous newly formed 
capillaries The psoas muscle revealed only slight infiltration with lymphocytes 
and some degeneration of the muscle fibers 

The anatomic diagnosis was chronic spondylitis, with a paravertebral abscess 
on the left, chronic arthritis of the right sternoclavicular joint, with ulcer of the 
skin, ulcerative proctitis and sigmoiditis, splenomegalia, and agranulocytosis 
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* If hemoglobin is reported m grams for each 100 cc of blood, this is indicated 

T Smears examined contained practically no granulocytes Differential counts mislaid 

t Data furnished by Dr George Parker, Peoria, 111 

§ Data furnished by Dr F E Vest and Dr J L Lattimore, Topeka, Kan 
11 One immature cell 

it Fragmentation of nucleus of neutrophils and irregular granulation seen in smears 

# Smears had normal appearance 

** In smears, marked evidence of toMCity in leukocytes, none of Immaturity, good dis 
tribution of platelets 

+t In smears, evidence of toxicity graded 2 in leukocytes, none of immaturity 

tt Additional leukocyte counts in text 

§§ In smears, evidence of toxicity graded 4 in leukocytes 

nil In smears, nothing characteristic 
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Comment — Although the ulcerative gingivitis might place this case 
in the category of agranulocytic angina (Schultz’s syndiome), it seems 
much more likely that the infection in the sternal and spinal regions 
-and in the foot was a part of a generalized infection that was con- 
sequent on failure of the bone marrow, with its resultant leukopenia, 
or that the infection caused the leukopenia The ulcerative gingivitis 
was probably only a local manifestation of diminished resistance to 
infection 

SUMMARY OF PATHOLOGIC STUDIES 

The characteristic features noted in these cases were marked aplasia 
of the bone marrow and lack of the cellular reaction that is usually 
observed about regions of necrosis and infection In the bone marrow, 
cells of the myelocytic series were barely to be seen, and proliferation 
of granulai cells appeared to be at a standstill 

The peculiar inflammatoiy reaction that was observed seemed to be 
merely a consequence of the absence of circulating granular leukocytes 
Tissue necrosis and ulceration, whenever they occurred, presented only 
the distinguishing feature of being unaccompanied by polymorpho- 
nuclear leukocytic infiltration What cellular reaction did occur was 
comprised mainly of lymphocytic infiltration and the appearance of 
endothelial leukocytes (macrophage cells) Observation on the type 
of pathologic tissue leaction m this condition, namely, the lack of 
■development of the piotective inflammatory barrier to infection, sug- 
gested clearly the reason for the spread of such infection It was 
evident, from complete pathologic studies in such cases, that the most 
common site for the development of focal regions of infection and 
necrosis was along vanous parts of the digestive tract, particularly at 
those points where bacteria are normally abundant The involvement 
of the submaxillary gland in one of our cases might seem also to have 
been the result of extension of infection from the oral cavity It is 
possible that these infections along the digestive tiact were effected by 
the usual bacterial inhabitants which gained the ascendency as a result 
of the removal of the protective mechanism partially inherent m the 
normal function of the polymorphonuclear leukocytes 

The occurrence in the bone marrow of streptococci of hemolyzmg 
strains in one of our cases probably had little bearing on the primary 
etiology of the disease It seems more reasonable to accept the inter- 
pretation that there was metastatic invasion of the bone marrow through 
portals of entry established in various parts of the body, as, for example, 
through unprotected necrotic lesions in the digestive tract 

The pathologic features were essentially identical in so-called 
“agranulocytic angina” and m agranulocytosis, which, in one of our 
-cases, was associated with paratyphoid fever It seems most probable 
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that in one of oui cases of agranulocytosis the original paratyphoid infec- 
tion played a definite etiologic role, although one cannot, of course, 
exclude an associated, or secondary, independent infection which might 
have supervened to effect the pathologic process in the marrow , it may 
be that the infection was made possible by primary insufficiency of the 
bone mairow 

GENERAL COMMENT 

The symptoms were diverse and the situation of the lesions was 
various Seven cases presented a clinical syndrome that corresponded, 
m most details, with that described by Schultz, and three others 
probably belong m this group The symptoms differed according to 
the character and intensity of the underlying disease, the situation of 
the principal lesions and the degree of resistance of the patient Four 
presented agranulocytosis or hypogranulocytosis associated with infec- 
tion manifesting itself outside of the throat All displayed common 
reduction of the number of leukocytes and partial or complete disap- 
pearance of granulocytes 

In five of the fourteen cases there was a high percentage of mono- 
cytes (laige mononuclears and transitionals) at some time m the course 
of the disease, and in another case now under observation, but not 
included in this repoit, the percentage of monocytes was 38 Three 
of these five patients recovered and the sixth, with 38 per cent mono- 
cytes, has made temporary recovery at least On the other hand, two of 
the patients who died had increased percentages of monocytes It may 
be that the increased percentage of monocytes indicates a relatively 
better prognosis than no increase, although a definite relationship cannot 
be seen in this group 

It IS our opinion that the agranulocytosis and hypogranulocytosis 
probably are peculiar responses, in the bone marrow and the blood, to 
various inimical factors No common etiologic factor appears Blood 
cultures in five of our cases were negative Salmonella paratyphi, 
Klebsiella pneumoniae (Fnedlander’s bacillus) and a streptococcus of a 
hemolyzing strain were found in one case each In four cases, blood 
cultures were not made and in two there was a contamination Fusi- 
formis dentium and Boiielia vmcenti were found in the throat m each 
of three cases, staphylococci, streptococci of a hemolyzing strain and 
green-producing streptococci were found in one case, and green-pro- 
ducing streptococci, staphylococci and a gram-positive bacillus in 
another case In four cases there were no sore throat and no indication 
for examination of smears or cultures from the throat In none was 
there a history of exposure to any of the chemicals or physical agents 
known to produce agranulocytosis All presented evidence of an infec- 
tion to which theie seemed to be little resistance 
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When the peculiar blood picture here described is found, a careful 
seaich for all possible causes should be made Particular care should 
be gi-ven to the diagnosis of well recognized diseases that are associated 
with leukopenia and great i eduction of granulocytes Such diseases 
are aplastic anemia, acute leukemia with low values for leukocytes, 
pernicious anemia in an aplastic phase and metastasis to the bones 
producing the so-called myelophthisic anemia Careful inquiry should 
be made regarding intoxication from benzene, the use of roentgen rays 
or radium and the administi ation of arsemcals, especially those of an 
arsphenamine gioup Particular care should be paid also to cases in 
which there is maiked increase in the pioportion of l 3 nmphocytes and 
monocytes, with oi without a decrease in the total number of granulo- 
cytes, such as occurs in infectious mononucleosis or glandular fever, 
chronic or acute lymphatic leukemia with low leukocytic values and 
monocytic leukemia In cases in which there is hemorrhage, some 
difficulty undoubtedly may occui m eliminating from the diagnosis the 
various forms of puipura, especially purpura hemorrhagica Moreover, 
acute aplastic anemia with hemorrhage, and acute leukemia with hemor- 
rhage and a low total leukocyte count, must be excluded Particular 
attention should be called to the value of the reticulocyte and platelet 
counts The prognosis is extremely poor in any condition m which 
agianulocytosis develops, few patients have recovered if the leukocyte 
count has fallen below 1,000 in each cubic millimeter of blood 

Treatment has consisted of the administration of leukocytic extract, 
gentian violet and acnflavine, given intravenously, transfusions, roent- 
gen radiation, extract of bone marrow, and fetal liver In some cases 
specific treatment was not administered The lesults with various 
methods of tieatment were inconclusive 

SUMMARY AND CONCLUSIONS 

Fourteen cases are reported m which the outstanding feature was 
the leukopenia and partial disappearance of the granular leukocytes 
(hypogranulocytosis) or complete disappearance of them (agranulo- 
c}'tosis) In seven cases agranulocytic angina was definitely present, and 
in three it was doubtfully present In the sense in which they are here 
used, the terms agranulocytosis and hypogranulocytosis do not indicate 
entities but probably stand for types of reaction of the leukopoietic 
apparatus to various types of infection or intoxication Agranulo- 
cytosis IS of serious prognostic significance Death occurred m five of 
the seven cases of agranulocytic angina, in one of the three doubtful 
cases of agranulocytic angina and in all of the four cases of agranulo- 
cytosis or hypogi anulocytosis due to other types of disease 

11 Patients in two additional cases not included in this group were under 
obser\ ation in the hospital at the time this report was being written 
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XII THE RELATION BETWEEN THE THICKNESS OF THE CARDIAC 

MUSCLE FIBER AND THE OPTIMUM RATE OF THE HEART ^ 
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R ASHMAN, M D 
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R M LARSON, MD 
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The harmful effect of tachycardia in patients with caidiac disease 
is well recognized A sustained increase in rate is not infiequently an 
important precipitating cause of a break in compensation Occasionally 
one observes symptoms of congestive failure occurring duiing an attack 
of paroxysmal auricular tachycardia in a person whose heait is normal 
in every other respect Such a case has been leported by Bai croft, 
Bock and Roughton ^ However, some animals normally have heait 
rates which are considerably fastei than those of patients with paroxys- 
mal tachycardia Why is a heart rate of 200 per minute likely to be 
attended by grave symptoms m men while the resting heart rates of 
guinea-pigs are more than 220^ Again, why is it that the heart beats 
600 times per minute in the mouse and 40 per minute in the horse 
(Clark If the optimum (i e, the normal) heart late is different 
in different species is it the same in enlarged hearts and hearts of normal 
size in the same species^ What determines the optimum heart rate^ 
It has occurred to us that the recoveiy time might be related to the 
length of time required for oxygen to diffuse into the fiber and that 
this might be greater for larger fibers 

The present researches were undertaken in an endeavor to throw 
light on these and similar questions in the hope that b}'- so doing a 
better understanding of congestive heart failure might be attained 

METHOD 

As a basis for the study of the normal heart rate electrocardiograms 
were taken on rats, guinea-pigs, rabbits, dogs, sheep and cows Adult 
animals were used At first a series of tracings weie taken on a group 
of animals successively, but it was soon found that pulse rates obtained 

- Submitted for publication, Feb 20, 1931 

*From the Departments of Medicine, Physiology and Pathology of Vander- 
bilt University 

1 Barcroft, J , Bock, A V, and Roughton, F J Heart 9 7, 1921 

2 Clark, A J Comparative Phj’-siologj'- of the Heart, New York, the Mac- 
millan Company, 1927, p 143 
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in this way were much above the normal lesting pulse rates The fac- 
tors of excitement, fear and struggling seemed lesponsible Conse- 
quently, It was deemed wiser to restrict our series and search for 
individual animals that could be trained to become quiet while the 
tracings were made It was necessary to take repeated tracings on 
several animals of each species m order to get one or two which were 
quiet and the pulse lates of which seemed relatively basal In 
general, we have assumed that the piesence of sinus anhythmia indi- 
cated that the pulse rate was at, or nearly at, the truly normal resting 
level for the particular animal concerned No narcotics or anesthetics 
were used It was necessary to discard at least four fifths of our 
tracings, but it is felt that a few observations on quiet animals are 
more indicative of the normal pulse for the species than any number 
of unselected observations 

In order to determine the length of diastole the T-S intervals were 
measured There is some question as to whether this interval corre- 
sponds exactly to the duration of mechanical diastole, but it seems 
justifiable to assume a fair agreement The film speed and the stand- 
ardization of the excursion of the string weie varied in the different 
animals m order to obtain records which could be conveniently and 
accurately measured 

Electiocardiograms were also taken on six infants less than 6 months 
of age, on six children of from 3 to 6 years and on six children of 
from 9 to 12 years Twelve electiocardiograms on normal adults were 
selected at random from the files Similarly, electrocardiograms from 
SIX patients with cardiac enlargement without congestive failure, and 
from six patients with cardiac enlargement with congestive failure were 
selected Measurements of the T-S interval were made m all instances 

In tabulating the data it was decided to use averages for the different 
human series and for dogs, sheep and cows, as the subjects of these 
species were quiet and seemed reasonably calm However, since the 
rats, guinea-pigs and rabbits were usually restless, and even after con- 
siderable training many of them seemed excited, it was decided to 
discard all curves for these animals except those showing the slowest 
heart rates in each species 

Hearts were obtained from six animals of each species Blocks of 
left ventricular tissue were cut at a level about half way between the 
base and the apex of the left ventricle These were fixed, embedded, cut 
and then stained with hematoxylin and eosm From necropsy material 
already available, six sections each were chosen of hearts of infants, 
children of from 3 to 6 years, children of from 9 to 12 years and adults 
All these subjects had had normal hearts at autopsy In addition, six 
sections were examined from the hearts of subjects who had, at autopsy, 
enlarged hearts without evidence of congestive failure, and six sections 
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were studied of the hearts of persons dying with clinical and pathologic 
evidence of congestive failure 

Measuiements were made with the micrometer of the width of 
twelve muscle fibers of the left ventricle m each section, all measure- 
ments being made through the nucleus in order to be certain that com- 
parable portions of the different cells were being studied The greatest 
and the least values were then discarded and the average width of the 
other ten fibers was designated as the mean fiber thickness 

RESULTS 

The Relation Between Fiber Thickness and Heart Rate m Hninan 
Subjects of Vaaoiis Ages — The data are shown in table 1 and charts 

Table 1 — Cardiac Fibei Thickness, Caidiac Rate and Length of Diastole in 

Hitman Subjects 
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6 
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24 5 
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Enlarged, con 
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(digitalized) 

Adults 

G 

20 50 

42 7 

318 

85 

60 

76 

0 43 

0 64 

0 53 


1 and 2 It is evident that in subjects with normal hearts there is a 
definite inverse relationship between pulse rate and fiber thickness, and 
a direct proportionality between the length of diastole and fiber thick- 
ness (We do not mean to imply that heart rate is “regulated” by 
fiber thickness ) 

In patients with cardiac enlargement no such relationship exists 
Their fibers are much thicker than those of the normal adult, but their 
heart rates are somewhat faster (The average heart rate was more 
in those patients without, than in those with, congestive failure This 
difference is probably to be attributed to the fact that the subjfects in 
the latter group were digitalized ) 

The Relationship Behueen Heart Rate and Fiber Thickness m Ani- 
mals of Different Speaes — That these two functions are m some way 
related appears from table 2, m which it can be seen that the animals 
with the fastest heart rates have the thinnest cardiac fibers and vice 
versa In charts 3 and 4 it is shown that the relationship is not a 






Chart 1 — An inverse and more or less linear relationship is shown between the 
heart rate and the fiber thickness of normal hearts The values for enlarged 
hearts do not fall near the line 



Chart 2 — Fiber thickness has been plotted against the length of diastole The 
^alues for normal hearts in subjects of various ages fall reasonably close to a 
straight line However, the points for enlarged hearts are not near this line 
This seems to indicate that in such hearts the fiber is too thick for the rate, or the 
rate is too fast for the fiber thickness 
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simple linear one but is suggestively logarithmic In chart 5 the fiber 
thickness is plotted against the logarithm of the length of diastole, and 
the curve becomes a line All the values for the normal animals fall 
reasonably close to this straight line — certainly as close as could be 
expected when one considers the numerous possible sources of error 
m the data However, the values for enlarged hearts do not fall on 
the line at all, but are much above it This is interpreted as meaning 
that their fibers are much too thick for their heart rates or, conversely, 
that their heart rates are much faster than optimal for their fiber 
thickness 

The observations on animal heaits are therefore m qualitative agree- 
ment with those on human hearts, and both indicate that a disproportion 
between heart rate and fiber thickness exists in patients with enlarged 


Table 2 — Cardiac Fiber Thickness, Caidiac Rate and Length of Diastole in 

Vaitoiis Adult Animals 


Species 

Xumber of 
Animals 
Studied 

Mean Fiber 
Thickness, 
Microns 

Pulse Rate 
per Minute 

T S Interi al. 
Seconds 

Rat 

10 

11 2 

340* 

010* 

Guinea pig 

9 

12 5 

264* 

015* 

Rabbit 

9 

14 6 

141* 

0 28* 

Sheep 

6 

14 8 

105 

0 40 

Dog 

6 

1G8 

69 

0 66 

Man 

12 

1C 2 

73 

0 66 

Oow 

C 

17 6 

60 

0 67 


* The values given for fiber thickness are averages m all eases The figures for pulse rates 
and T S intervals are averages for those animals which remained quiet (man, cow, dog) The 
other animals usually either struggled or were excited, and the starred values were chosen from 
those animals which had the slowest pulse rates of their respective species 

hearts From these data it seems fair to conclude that the optimum 
heart rate of patients with cardiac disease is considerably less than the 
optimum rate for normal hearts 

The next question is How much slower than normal is this optimum 
rate^ Our data furnish no satisfactory answer to the question The 
two series of observations, although m qualitative agreement, do not 
agree quantitatively The curve obtained from the animal hearts 
(charts 4 and 5) approaches the logarithmic form, whereas that obtained 
from the human hearts (chart 2) is nearly linear When these curves 
are prolonged so as to reach the degree of fiber thickness of enlarged 
hearts, the former curve seems to indicate that the optimum rate for 
enlarged hearts is 10 or less, whereas the prolonged human curve — 
being linear — ^points toward an optimum rate nearer 40 for enlarged 
hearts These points are illustrated m charts 2 and 5 and m table 3 

In view of this quantitative disagreement, which conclusion is one 
to believe^ We think that the figures derived from the study of the 
animal hearts are more reliable, for two reasons 
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Chart 3 — Fiber thickness has been plotted against length of diastole for the 
tnormal hearts of the several species An irregular curve has been obtained 



Chart 4 — ^The scale has been changed from that in figure 3 All the values 
for the normal hearts are fairly close to the curve, but the points for enlarged 
"human hearts are much above it When the curve is prolonged so as to attain 
•the fiber thickness of the enlarged hearts, a rough estimate of the theoretical 
optimum length of diastole for such enlarged hearts can be obtained 
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In the first place the animal hearts were from adults, and we are 
attempting to determine the optimum rate for enlarged adult hearts 
It is possible that the factor of growth explains the obvious discrepancies 
between the two sets of data Thus, the fiber thickness of the infant 
human hearts was only a little more than one-half that of the adult 
rat hearts, although the latter animals were less than one-fiftieth as 
large Unless this difference is to be attributed to growth we are 
unable to explain it In favor of the notion that growth is responsible 
IS the fact that the human fibers are relatively thinner at both the age 
periods (infancy and 9 to 12 years) when growth is most rapid than 
at the age (3 to 6 years) when growth is less rapid 

In the second place a logarithmic type of curve, such as was obtained 
from the study of the animal hearts, is more m accordance with known 
laws of diffusion of gases One can consider one half of the muscle 

Table 3 — The Calculated Optimum Heatt Rate foi Patients unth Caidtac 

Hype) ti ophy 


Calculations from Calculations from 

“Animal Curve” “Human Curve” 





(Chart 5) 



(Chart 2) 



Mean 

1 

Optimum 

^ / 

Optimum Optimum Optimum 

Optimum Optimum 


Duration 

Duration 

Duration 

Heart 

Duration 

Duration 

Heart 


of 

of 

of 

Rate 

of 

of 

Bate 


Systole, 

Diastole, 

Cycle, 

per 

Diastole, 

Cycle, 

per 

Group 

Seconds 

Seconds 

Seconds 

Minute 

Seconds 

Seconds 

Minute 

Cardiac hypertrophy 

0 22 

5 89 

611 

10 

0 90 

1 12 

54 

without congestive 
failure 








Cardiac hypertrophy 

0 20 

50 2 

50 28 

1 

1 19 

1 45 

41 


with congestive failure 


fiber as being supplied with oxygen from the capillary on the corre- 
sponding side and the opposite half from the capillary on its side The 
greatest diffusion distance is therefore one-half the thickness of the 
fiber, and the mean diffusion distance is one-fourth the thickness of the 
fiber If the fiber thickness is doubled, the mean diffusion distance is 
doubled However, the mean head of pressure (the oxygen tension in 
the capillary) is not doubled, but remains the same As oxygen dif- 
fuses, the head of pressure diminishes Hence, it probably diffuses 
more rapidly through the outermost than through the central portion of 
the fiber Therefore, since the time required for complete recovery to 
take place after the contraction is dependent on the time required for 
oxygen to reach all parts of the fiber, one would expect than an increase 
of twofold m fiber thickness would more than double the recovery 
period From such reasoning one arrives at the conclusion that the 
thicker the muscle fiber the slower the heart rate should be, not only 
actually but also relatively 
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One objection may be raised to this concept, namely, that recovery- 
might take place during systole as well as during diastole Against this- 
objection one may cite at least three points 

(o) If recovery can take place simultaneously with contraction there 
should be no limit, other than that set by mechanical factors, to the 
rate at which the heart or any skeletal muscle can contract, and this rate 
of contraction should be capable of being maintained indefinitely with- 
out fatigue If this is true the normal human heart should be able to 
beat 250 times a minute foi years 



Chart 5 — Data on hearts showing hypertrophy with congestive failure The 
fiber thickness is plotted against the logarithm of the length of diastole for hearts 
of the various species The points so obtained lie very close to a straight line 
This seems to indicate a logarithmic relation between fiber thickness and the 
length of diastole Such a relationship is in agreement with A V Hill's cal- 
culations The actual points for the enlarged hearts do not he near the optimal 
normal line, but are much above it By prolongation of the line, one can see that 
the optimum heart rate for hypertrophied hearts is apparently very slow 

(b) If recovery, a process which has been demonstrated to con- 
sume oxygen and to produce carbon dioxide, can take place dunng 
contraction, one ought to be able to demonstrate increased respiration 
in a muscle during active contraction Moore ^ showed that the carbon 
dioxide production of tetanized frog’s muscle was diminished dunng- 


3 Moore, A R J Gen Physiol 1 613, 1918-1919 
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the contracted state, even though this lasted foi as long as thiity minutes. 
After relaxation a great increase in carbon dioxide production was 
observed This expeiiment cannot be repeated on the heart because 
it cannot be tetanized, but there is no reason to believe that cardiac 
muscle diffeis from skeletal muscle in so fundamental a property 

(c) A V HilP studied diffusion m thin stiips of frog muscle 
suspended m oxygen According to his calculations a strip of muscle 
0 5 mm thick, exposed to oxygen on one side at a temperature of 20 C , 
would be able to perform one twitch every eight seconds without acqun - 
mg an oxygen debt If, all other conditions being the same, the muscle 
stiip were twice as thick, only one twitch every foity seconds could be 
performed, wheieas if the muscle were one-half as thick one contrac- 
tion eveiy two seconds would be possible Hill stressed the importance 
of the size of the capillary, showing that the “time required for diffusion 
and recovery vanes as the squaie of the aveiage diameter of the ves 
sels ” He also said “Mr A D Ritchie has pointed out to me that an 
argument similar to that given here m relation to the size of blood 
capillaries may be applied to the case of muscle ffbeis, that is to say, 
the maximum diameter of a muscle fiber is probably not fixed by 
mechanical factors but by the speed of diffusion ” 

For these leasons we conclude that the optimum cardiac late for 
patients with cardiac hypertrophy is probably in the neighborhood of 
10 or less, the value deiived from the study of the animal hearts, rather 
than about 45, which is the figure arrived at by the study of the human 
hearts However, for practical purposes it is not important which figure 
IS correct as both can only be crude approximations and as such a figure 
would naturally be less for a markedly hypertrophied than for a less 
enlarged heart Both sets of observations agree m indicating that patients 
with cardiac disease, even when at rest and digitalized, still have rates 
which are much too fast 

The Frequency of Congestive Heait Failwe m Patients with Heait 
Block — If the conclusion which has been drawn — that the rate of the 
heart in patients with congestive heart failure is much faster than 
optimal — ^be coirect, one would expect that peisons with cardiac disease 
and abnormally slow heait rates would be less likely to suffer from 
symptoms of congestive failure than would persons with cardiac disease 
and normal rates In order to study the matter, a number of cases of 
heart block were collected fiom the literature No attempt at a complete 
surve)'’ was made 

The data are summaiized in table 4 Edes ^ collected 121 cases of 
“permanent slow pulse” from the literature His paper was written 

4 Hill, A V Proc Roy Soc s B, 104 * 39 , 1929 

5 Edes, T R Tr A Am Physicians 16 521, 1901 
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before electrocardiogiams and polygiams weie in general use, and there 
IS some doubt as to whether all of these patients had heart block How- 
ever, most of them had pulse rates of 45 or less and many of them had 
convulsive seizures, so that there can be little doubt that most of Ede’s 
cases showed heart block In only one of the 121 cases was edema an 
outspoken symptom, and of the 10 patients with dyspnea at rest, 7 had 
it only during the convulsive seizures 

The reports by othei authors were similar A positive statement as 
to the absence of dyspnea and edema was not always made, but it is 
probably safe to assume that the symptoms would have been mentioned 


Table 4 — The Fiequency of Symptoms of Congestive Heart Failuie in Patients 


with 

Chi onic 

Heart 

Block 


Author 

Number 
Number of Oases 
of Cases in Which 
Total in Which Dyspnea 
Number Edema at Rest 
of Oases Was Was 

Reported Reported Reported 

Comment 

Edes “ 

121 

1 

10 

Seven of the ten patients 

Matikenzie (Diseases of the Heart, ed 

18 

1 

1 

with dyspnea had it only 
during fainting spells 
Diagnosis was not proved 
instrumentally, but most 
of the patients probably 
had heart block 

4, New YorE, Oxford University Press, 
1925, p 261) 

Parsonnet and Hyman (Am J M Sc 

8 

1 

1 


180 356, 1930) 

Hirschfelder 

S 

0 

0 


Blackball Morison (The Sensory and 

3 

0 

0 


Motor Disorders of the Heart, ed 2, 
New York, William Wood and Com 
pany, 1928, p ^41) 

Price and Nisse (Am Heart J j 

2 

0 

0 Proved cases of heart block 

197, 1929) 

Ascoli (Ztschr f exper Path u 

1 

0 

0 


Therap 4 185, 1927) 

Harris ® 

1 

0 

0 


Willius ® 

1 

0 

0 


Total 

158 

8 

12 



if they were at all prominent Taking the case reports as given, one 
finds dyspnea at rest in only about 7 per cent and edema in only about 
2 per cent of the cases When one remembers that chronic heart 
block IS most commonly found in patients with hypertension, arterio- 
sclerosis, rheumatic infection and syphilis, and as a sequel to diphtheria 
(Butler and Levine®), and if one recalls that all of these diseases except 
diphtheria are common causes of congestive heart failure, the percent- 
ages seem remarkably low The presence of heait block is proof that 
the underlying process has involved the heart and, a prion, one would 
have expected a much higher proportion of patients to have congestive 
failure, unless heart block in itself tends to protect against this 


6 Butler, S , and Levme, S A Am Heart J 5 292, 1930 
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Against this argument certain objections may be raised 

(a) Butler and Levine have shown that a fairly large proportion of 
the cases of chronic heart block are presumably postdiphthenc, and 
diphtheria rarely causes chronic congestive failure However, if 
we assume that diphtheria was the cause of the heart block m one half 
or even m two thirds of the cases collected in table 4, the percentage of 
cases with advanced congestive failure (edema) still would remain 
remarkably low 

(&) Dyspnea brought on by exertion is a common symptom m 
patients with chronic heart block This is true, but symptoms brought 
on by exertion aie to be attributed to diminished cardiac reserve and 
are not to be looked on as evidences of congestive failure In patients 
with heart block the output per beat is very great even at rest (Lunds- 
gaard '^) and hence cannot be increased much, and, since their hearts 
do not accelerate during exercise, their dyspnea is probably due to an 
inability to increase the circulatory minute volume Furthermore, many 
patients with heart block do not have dyspnea even with severe exertion 
(Harris,® Willius ®) 

(c) Perhaps patients with heart block do not live long enough for 
congestive failure to develop On the contrary they often live for 
remarkably long periods after heart block has become manifest Hirsch- 
felder reported a case m a patient with heart block of thirty-five 
years’ duration Mackenzie’s and Harris’ patients had had it for twenty- 
nine and twenty-eight years, respectively None of these three patients 
had any evidence of congestive failure, all were leading normal lives 
Most authors refer to the fact that complete heart block is compatible 
with long life and good health 

Furthermore, death in patients with heait block is usually sudden, 
and most frequently occurs during an attack of angina pectoris, or 
during a fainting spell The slow agonal death with congestive heart 
failure is rare in such cases 

{d) Patients may develop heart block and congestive failure simul- 
taneously This IS true, but it occurs only following overwhelming and 
sudden injury to the heart, such as occurs in certain cases of diphtheritic 
myocarditis and in patients with coronary occlusion Such cases are 
acute and have been purposely omitted from table 4, which includes 
only cases of chronic heart block 

{e) Perhaps patients with heart block do not have cardiac hyper- 
trophy On the contrary, most of them do Mackenzie, for example, 

7 Lundsgaard, C Deutsches Arch f khn Med 120 481, 1916 

8 Hams, E H Heart 14 289, 1929 

9 Wilhus, F A Ann Clin Med 3 129, 1924 

10 Hirschfelder, A D Diseases of the Heart and Aorta, ed 2, Philadelphia, 
J B Lippmcott Company, 1913, p 571 
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made a positive statement concerning the caidiac size m nine of the 
cases of his series with chronic heart block In one case no enlargement 
was noted , in the other cases enlargement of varying degrees was found 

It therefore seems justifiable to conclude that heart block tends, 
other things being equal, to prevent congestive failure We believe 
that the reason for this lies in the fact that such patients have heart 
rates which approach the optimal rate for hyperthrophied cardiac muscle 
fibers 

COMMENT 

The thesis that congestive cardiac failure, regardless of the under- 
lying etiologic factor, is immediately due to inefficiency (more commonly 
spoken of as insufficiency) of the cardiac muscle seems to be generally 
accepted No one has yet offeied an entirely adequate explanation as 
to why and how the myocardium fails Attempts to explain the altered 
function on the bases of structural changes have been unconvincing It 
IS true that the majority of such hearts do show some fibrosis and some 
of them exhibit this change to an extreme degree, but in many instances 
the pathologic changes m the myocardium are altogether inadequate to 
account for its failure This point of view has been particularly empha- 
sized by Aschoff and Tawara,^^ and more recently by Chnstian^- and 
by Kutschera-Aichbergen,^® in whose papei a review of the literature 
may be found 

If myocardial failure cannot be attributed to myocardial disease, to 
what can it be attributed ^ The term “fatigue” has been applied to this 
gap m our knowledge, but a name is not an explanation Overwork of 
the heart, which is usually present m such cases, is undoubtedly a potent 
factor, but overwork does not explain the progressive nature of the 
malady in the face of a load which is not increasing and is often dimin- 
ishing Progressive valvular or myocardial damage is more often 
absent than present in a large series of cases Certain chemical changes 
m the cardiac muscle have been found, namely, alteration m the phos- 
phatides by Kutschera-Aichbergen,’^" diminution in phosphates by 
Laszlo’-'^ and decreased potassium content by Harrison, Pilcher and 
Ewing and by Calhoun, Cullen, Clark and Harrison^® However, 
there is, as yet, no convincing proof that such chemical changes are 

11 Aschoff, L, and Tawara, S Die heutige Lehre von den pathologisch- 
anatomischen Grundlagen der Herzschwache, Jena, 1906 

12 Christian, H A South M J 20 28, 1927 

13 Kutschera-Aichbergen, H Wien Arch f mn Med 18 209, 1929 

14 Laszlo, D Klin Wchnschr 7 1411, 1928 

15 Harrison, T R , Pilcher, C , and Ewmg, G J Clin Investigation 8 325, 
1930 

16 Calhoun, J A , Cullen, G E , Clark, G, and Harrison, T R J Clin 
Investigation 9 693, 1931 
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the sole or even the chief causes of fatigue, although it seems likely 
that they are in some way related to it 

The one outstanding clinical finding in most persons with chronic 
cardiac disease of vanous types is enlaigement, and similarly the only 
pathologic changes which are almost invariably present m patients dying 
of chronic cardiac failure are hypertrophy and dilatation It is believed 
that the observations which have been reported in this paper throw 
some light on the relation of cardiac failure to dilatation and hyper- 
trophy The studies of Eyster^^ suggest that dilatation, which is the 
immediate response to increased work (Patterson, Piper and Star- 
ling’-^), IS the cause of hypertrophy, which is generally assumed to be 
the chronic response to overwork Some authors hold that hypertrophy 
in Itself constitutes disease To this point of view we cannot accede, 
as the evidence for its being a compensatory process seems to us con- 
vincing Howevei, our observations seem to indicate that this com- 
pensatory process carries with it a disadvantage, the larger muscle 
fiber being too thick to admit of the ready diffusion of the necessary 
oxygen Fatigue of muscle is generally believed to be due to lack of 
sufficient oxygen, and the observations which have been reported suggest 
the conclusion that the increase in fiber thickness is probably an import- 
ant cause, although by no means the sole cause, of cardiac fatigue 

If this view IS coirect, it follows that a heart rate much slower than 
normal would be of great benefit to patients with hypertrophied hearts 
This, of course, is merely a hypothesis based on deduction, and its truth 
or falsity can be demonstrated only by direct evidence Attempts to 
secure such evidence are in progress 

SUMMARY 

1 A study of ventricular fiber thickness, heart rate and the length 
of diastole has been made in a number of animals of different species, 
in normal human subjects of various ages and in human adults with 
enlarged hearts 

2 In all normal subjects a thick ventricular fiber is associated with 
a slow heart rate and a thin heait fiber with a fast heart rate 

3 It is believed that the slow heart rate m animals with thick 
cardiac fibers is advantageous because the recovery period of the heart 
IS prolonged i e , it takes oxygen longer to diffuse through a thick 
fiber than through a thin fibei 

4 Subjects with enlarged hearts have heart rates much faster than 
would seem to be optimal for such thick fibers 

17 Eyster, J A E Tr A Am Physicians 42 15, 1927 

18 Patterson, S W , Piper, H , and Starling, E H J Physiol 48 465, 1914 
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5 These obseivations suggest that “cardiac fatigue” may be due, 
in pait, to a heart late which is faster than optimal It is believed that 
this concept may explain why congestive failure may occur in the absence 
of any myocardial abnormality other than hypertrophy and dilatation 

6 The data suggest further that if it were possible to reduce the 
cardiac rate to a level considerably below the normal, “cardiac fatigue” 
would be much benefited 



SEVERE RENAL INSUFFICIENCY 


UNTOWARD ErrECTS OF INTRAVEJSiOUS ADMINISTRATION OF SOLUTION 
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E G WAKEFIELD, MD 

AND 

NORMAN M KEITH, MD 
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Two cases are reported lieiewith of marked renal insufficiency with 
azotemia and without edema in which the administration intravenously 
of sodium chloride appeared to produce untoward effects When the 
patients came under our observation, it was clearl}'' indicated that if 
there was anything to be accomplished, it must be done by the intrave- 
nous administration of fluids So far as was known, there were no 
definite contiaindications to administering sodium chloride other than 
a suspicion that it might do harm In these cases, the observations were 
not planned, but they weie controlled accurately enough to permit of 
interpretation 

REPORT or CASES 

Case 1 — A v\ oman, aged 28, a teacher, came to the dime m September, 1929, 
complaining of headaches and vomiting She had enjojed good health until five 
months before admission, when she began to have frontal headaches which came 
on while she was at work Soon these headaches were accompanied by nausea 
and later by vomiting The attacks at first were irregular, and she continued her 
work until about two and a half months before admission, when the attacks came 
so frequently that she became incapacitated She had lost 30 pounds (13 6 Kg) 
and was very sick 

The patient was pale (hemoglobin, 55 pei cent. Dare), weak and low in spirits 
There was an odor of urine on the breath The lungs were clear, the heart was 
slightly enlarged, and the aortic second sound was definitely accentuated The 
systolic blood pressure was 165, and the diastolic, 120 mm of mercury There was 
an irregular mass in the region of the right kidnej’- The reflexes were equal, and 
there was no edema The pupils reacted normally The ocular fundi were pale, 
the vessels were reduced in caliber, and there was choroiditis in the left eye Uri- 
nalysis showed a trace of albumin and a specific gravity of 1 010 

When the patient was admitted to the hospital, she appeared lethargic, anemic 
and dehydrated She weighed 47 2 Kg (chart 1) Renal insufficiency was marked 
No phenolsulphonphthalem was excreted in one hour The blood urea content was 
290 mg , and the creatinine, 12 mg for each hundred cubic centimeters, and the 
effects of vomiting and dehydration were marked Foi these reasons the immediate 


* Submitted for publication, March 9, 1931 

From the Division of Medicine, the Mayo Clinic 

* Read before the Central Society for Clinical Research, Chicago, Nov 21, 1930 
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administration of fluid in large amounts was indicated Food and fluid taken by- 
mouth were soon vomited Accordingly, intravenous medication was immediately 
begun, 1,000 cc of 10 per cent dextrose m 1 per cent sodium chloride solution being 
given during the first day, and 2,000 cc of 10 per cent dextrose and 1 per cent sodium 
chloride the second day In the next five days, from 1 to 2 liters of 10 per cent 
dextrose was given intravenously daily The volume of urine gradually increased 
to 2,400 cc , the patient’s weight decreased to 44 Kg , and the blood urea fell to 
120 mg From the eighth to the twelfth day, the fluid administered intravenously 
contained 1 per cent sodium chloride in addition to 10 per cent dextrose Twelve 
days after admission, the patient’s weight had increased to 48 Kg, and there was 
marked clinical improvement The blood urea was 105 mg for each hundred cubic 



Chart 1 — ^Various effects of the intravenous administration of fluid m case 1 

centimeters For the next two days fluid was not given by vein, and the volume 
of urine decreased to 900 cc Intravenous medication was again instituted, and in 
the following three days the solution contained 10 per cent dextrose and 1 per cent 
sodium chloride Oliguria developed and was followed by anuria, lasting for thirty- 
six hours The patient’s weight had increased to 55 Kg , and edema was noticeable 
in the face and skin of the lower part of the trunk The urea and creatinine also 
increased m the blood Because of the possibility of the sodium chloride causing 
the anuria and edema, it was discontinued during the next four days, the intra- 
venous solution containing only 10 per cent dextrose The excretion of urine was 
100 cc during the first day after the appearance of anuria and the total output of 
fluid was 600 cc , which included 500 cc of vomitus The volume of urine increased 
gradually to 2,600 cc on the twentieth day of observation Even with the restora- 
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tion of diuresis there was little change in the level of blood urea and of creatinine 
During the entire three weeks the patient was m the hospital, urinalysis made as 
a routine disclosed just a trace of albumin and a specific gravity varying from 
1 003 to 1 015, although the daily variation was usually from 1 005 to 1 009 On 
the twenty-second day of observation, the patient left the hospital The subsequent 
course was practically unchanged , for one month, the headache, drowsiness, vomit- 
ing and oliguria persisted, then she began to improve slowly The following April 
she felt so much better that she considered taking up regular office work A year 
after her admission to the clinic, no subjective symptoms were apparent, although 
her physician was treating her for anemia Our diagnosis was chronic glomerulo- 
nephritis with acute exacerbation and enlargement of the right kidney , the lesion 
in the latter was not determined 

Case 2 — A man, aged 37, a life insurance agent, had enjoyed good health until 
the onset of the present illness six i\ eeks before admission to the clinic, on June 13, 



Chart 2 — V arious effects of the intravenous administration of fluid m case 2 

1930 During the first week of May he had some backache and swelling of the 
right testis He received four treatments of prostatic massage, which he thought 
made him feel better Since January, 1930, he had had nocturia occasionally, which 
had become worse since the onset of the present illness During the last two weeks 
before admission, he had frequency, but no dysuria 

The patient was somewhat anemic (hemoglobin, 50 per cent. Dare), but was 
well developed and well nourished The odor of urine on his breath was noted 
He did not appear to be critically ill The tonsils were small, the lungs were clear, 
the heart was not large, the sounds were regular, and there were no significant 
murmurs The systolic blood pressure was 195, and the diastolic, 105, and there 
was definite peripheral sclerosis Nothing unusual was found m the genitalia 
There was no edema, and the reflexes were normal The pupils reacted normally 
The ocular fundi were essentially normal Preliminary studies showed that severe 
renal insufficiency was present, and on June 16 the patient was sent to the hospital 
for further study 
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The striking feature presented by this patient on admission to the hospital was 
the evidence of serious renal insufficiency with few untoward symptoms On the 
second day under observation (chart 2), the blood urea and creatinine were 184 
and 12 4 mg for each hundred cubic centimeters, respectively Only a trace of 
phenolsulphonphthalein was excreted in the urine in one hour Urinalysis showed 
a specific gravity of 1 Oil, only a trace of albumin and a few erythrocytes and 
leukocytes The patient weighed 71 Kg Treatment consisted of a diet containing 
from 1,500 to 2,000 calories, 40 Gm of protein, from 2 to 4 Gm of sodium chloride 
and from 600 to 2,600 cc of fluid daily An intravenous injection of from 1,000 
to 2,000 cc of a 10 per cent solution of dextrose was given daily During the first 
three days, the output of urine was large, m the second period of twenty-four hours 
amounting to 4,000 cc On the fourth day, the patient’s weight was reduced to 
65 7 Kg , and on the fifth day, the content of urea and creatinine m the blood had 
decreased to 56 and 1 5 mg for each hundred cubic centimeters, respectively Intra- 
venous medication was discontinued on the seventh and eighth days The daily 

Studies of the Unite in Case 2 


Day Sodium Urea Ammonium Total 

of Chloride Creatinine Nitrogen Nitrogen Nitrogen 


Obser 


va 

Specific Volume, 

Per 

Total, 

Per 

Total, 

Per 

Total, 

Per 

Total, 

Per 

Total, 

Gm 

tion Gravity 

Cc 

Cent 

Gm 

Cent 

Gm 

Cent 

Gm 

Cent 

Gm 

Cent 

25 

1013 

4,775 

0 09 

4 29 

0 063 

2 98 

0 21 

10 03 

0 011 

0 53 

0 27 

12 90 

26 

1 018 

3,650 

0 05 

183 

0105 

3 83 

0 47 

1715 

0 010 

0 37 

0 56 

20 44 

27 

1015 

3,500 

0 04 

140 

0 073 

256 

0 38 

13 SO 

0 026 

0 91 

0 45 

15 75 

28 

1012 

2.875 

0 01 

0 29 

0 049 

141 

0 31 

8 91 

0 024 

0 69 

0 35 

10 06 

29 

1005 

3,050 

0 01 

0 31 

0 040 

122 

0 26 

7 93 

0 021 

0 64 

0 30 

915 

30 

1007 

2,650 

0 01 

0 26 

0 053 

1 41 

0 29 

7 68 

0 020 

0 53 

038 

10 07 

31 

1008 

3 000 

0 02 

0 60 

0 044 

132 

0 31 

9 30 

0 038 

114 

0 37 

1110 

32 

1008 

2,250 

0 04 

0 90 

0 062 

140 

0 35 

7 87 

0 021 

0 48 

0 41 

9 22 

33 

1005 

3,000 

0 02 

0 60 

0 047 

1 41 

0 25 

7 50 

0 013 

0 39 

0 30 

9 00 

34 

1006 

2,700 

0 01 

0 27 

0 052 

140 

0 27 

7 29 

0 011 

0 30 

0 33 

8 91 

35 

1006 

2,700 

0 03 

0 81 

0 052 

140 

0 25 

6 75 

0 011 

0 30 

0 33 

8 91 

36 

1 007 

3,150 

0 04 

126 

0 045 

140 

0 22 

6 93 

0 007 

0 22 

0 29 

913 

ol 

1 007 

3,150 

0 03 

0 93 

0 045 

1 40 

0 21 

6 61 

0 009 

0 28 

0 23 

7 87 


* Albumin was found in the urine only m traces In all specimens trichloracetic acid failed 
to show precipitation The diet consisted of 40 Gm of protein, 1,500 calories, containing 
from 2 to 3 Gm of sodium chloride daily 

intake of water by mouth was 2,500 cc, but the volume of urine diminished and 
the patient’s weight increased to 69 Kg The blood urea rose to 98 mg Because 
of recurring renal insufficiency, daily intravenous injections were again instituted, 
cind were continued for the next seven days (the ninth to the fifteenth day) The 
solution given contained 1 per cent sodium chloride and from 10 to 20 per cent 
dextrose The daily volume of urine decreased to 600 cc , and the patient’s weight 
increased to 74 8 Kg There was no clinical evidence of edema accompanying the 
retention of water, although there was a marked rise in the blood urea and 
ci-eatinme to 176 and 16 4 mg, respectively The only time vomiting occurred 
d.inng the patient’s illness was on the eleventh and twelfth days, although nausea 
was occasionally present In spite of this degree of azotemia, the content of chloride 
and the carbon dioxide combining power of the plasma were within the normal 
range The sodium chloride in the solution given intravenously was suspected of 
having a harmful effect On the sixteenth day, the patient was given 1,000 cc ot 
10 per cent dextrose solution intravenously, and the urinary output amounted to 
4,900 cc The diuresis continued, and the patient’s weight fell rapidly to 70 Kg 
Contrarj'- to what usually occurs with such marked polyuria, there was no decrease 
m the azotemia, the blood urea and the creatinine remaining high These phe- 
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nomena were similar to those seen on the twentieth and twenty-first days in case 1 
There was at this time (twentieth and twenty- third days) a lowering of the alkali 
reserve of the plasma, the carbon dioxide combining power being 33 and 37 per 
cent by volume, respectively Accordingly, on the twentieth and twenty-fourth 
days, respectively, 200 and 500 cc of 5 per cent sodium bicarbonate solution was 
administered intravenously Remarkable diuresis followed the second injection and 
was accompanied bj’’ general clinical improvement, absence of nausea and an increase 
m the ability to drink water The weight of the patient steadily decreased, and 
the content of blood urea and creatinine diminished rapidly Within a period of 
SIX days, the weight had fallen to 63 2 Kg , a loss of 5 Kg , the blood urea from 
189 to 54 mg and the creatinine from 16 to 1 9 mg This marked decrease m the 
blood urea and creatinine was accompanied by a great increase of these substances 
in the urine (table) 

During the next three weeks, the patient gained in strength steadily He con- 
tinued to drink from 2,000 to 3,400 cc of water daily, and the amount of urine 
varied from 2,300 to 3,900 cc With these evidences of marked improvement, renal 
insufficiency was still present, the excretion of phenol sulphonphthalein being 25 per 
cent in one hour, the blood urea, from 22 to 80 mg , and the creatinine, from 1 9 
to 3 6 mg Because of moderate secondary anemia, a transfusion of 500 cc of 
blood was given At the time of dismissal, the patient was feeling well and his 
weight was 64 Kg , the systolic blood pressure was 155, and the diastolic, 90 He 
was advised to continue with a diet consisting of 3,000 calories , it included 40 Gm 
of protein, from 2 to 3 Gm of sodium chloride and from 2,500 to 3,000 cc of water 
He was also given ferric citrate for the secondary anemia A diagnosis of chronic 
glomerulonephritis with acute exacerbation was made This patient was seen again 
m November, 1930 He was doing well and had been at work The blood urea 
was 44 mg , and the creatinine was normal 

COMMENT 

The two cases presented are of practical significance because they 
illustrate possible untoward effects fiom the intravenous administration 
of too much sodium chloride Both of these patients had severe renal 
insufficiency with azotemia and isosthenuria but no edema The specific 
gravity of the urine in case 1 ranged frequently around 1 010, and m 
case 2 around 1 006 Zondek^ and Volhaid" have observed that the 
concentration of sodium chloiide in different samples of isosthenuric 
urine is inversely proportional to the concentration of nitrogen This 
observation has been confirmed by us during one period of observation 
m case 2 (table) Zondek’s and also Volhard’s studies weie limited to 
the concentrations of chlorides and nitiogen m the uiine without refer- 
ence to the concentiations of these substances in the blood and possible 
retention in the body The oliguria that followed the administration of 
sodium chloride and the increased diuresis after the administration of 

1 Zondek, Hermann Ueber die Funktion der hamoi rhagischen Nierent- 
zundung von Kriegsteilnehmern, Ztscbr f klin Med 83 185, 1916 

2 Volhard, Franz Die doppelseitigen hamatogenen Nierenerkrankungen 
(Bright’sche Krankheit), Berlin, Julius Springer, 1918, p 64 
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sodium bicarbonate, seen in case 2, indicate the sensitiveness of this 
patient to different inorganic radicals 

Temporary marked renal insufficiency and dehydration may be 
present m chronic glomerulonephritis Administration of large amounts 
of water may have a remarkable beneficial effect The intravenous 
injection of fluid may, in certain cases, be imperative, but when the 
solution contains too much sodium chloride, oliguria and other evidences 
of increased renal failure may develop The optimal intravenous solu- 
tion used by us has been 10 per cent dextrose 
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Die Roentgendiagnostik des Verdauungskanals einschliesslich der Leber 
und der Gallenwege By Pnv Doz Dr H U Albrecht, Oberarzt an der 
medizmischen Universitats-Khmk, Frankfurt, a -M Price, 59 marks 
Pp 471, with 828 illustrations Leipzig Georg Thierae, 1931 

Last year the author published a monograph of seventy-two pages, “Das Ulcus 
Problem im Lichte moderner Rontgenforschung,” which was favorably reviewed 
in the Archives (48 169 [July] 1931) The present work enlarges the monograph 
to include the entire digestive tract The high degree of excellence is retained 
The illustrations are numerous, well chosen, clear and beautifully reproduced 
The text is concise and direct, the subject matter seems to be presented by a 
clinician rather than a roentgenologist The bibliographies are quite complete 
The first thirty pages are devoted to the esophagus its anatomy and physiology 
and the various types of pathologic changes, including foreign bodies, ulcer, 
diverticulum, varicose veins, benign and malignant strictures, idiopathic dilatation 
of the esophagus and diaphragmatic herniation Two hundred and fifty pages are 
employed in a similarly detailed discussion of the stomach and duodenum This 
section includes the work previously presented in monographic form, and in addi- 
tion a splendid discussion of gastric syphilis, gastric carcinoma, duodenal diverticula 
and the stomach on which an operation has been performed The roentgenographic 
findings in the small bowel and appendix are brieflv, but adequately, considered, 
including Meckel’s diverticulum The author thinks that nonvisuahzation of the 
appendix is suggestive but not diagnostic, and that much more significance is to 
be attached to an appendix that is fixed and tender The eighty pages devoted 
to the colon include a presentation of the anatomy’-, physiology and pharmacology of 
the large bowel, as well as a study of its pathology The various methods of 
examination are described and the results beautifully pictured , the ordinary barium 
enema, the air inflation method of Fischer, the “Rehefbild” of Knothe and the 
use of thorium dioxydsol as attempted by Kalkbrenner The liver is disposed 
of in a four page discussion of the shadows that are seen on straight films of the 
abdomen made with and without pneumoperitoneum The latter procedure is 
described, but is not recommended because the results are dubious and because 
occasional deaths have been ascribed to it A fifty page consideration of cholecys- 
tography concludes the book The author uses both the oral and the intravenous 
methods of administering tetiothalem sodium (sodium tetraiodophenolphthalem) , 
he attaches little significance to variations in the intensity of the shadow, considers 
the presence of a shadow prior to the use of tetiothalem sodium as more sug- 
gestive of disease than a faint shadow, and lists the following as contraindications 
to cholecystography cardiac decompensation, severe anemias, cirrhosis of the liver, 
febrile icterus, exophthalmic goiter, diabetes and chronic nephritis 
The work is of the finest quality and is highly recommended 

Normale und pathologische Funktionen der Verdauungsorgane im Roent- 
genbild By Dr Rudolf Becker, Roentgemnstitut des Theresienkrankenhaus, 
Mannheim, and Dr Albert Oppenheimer, Roentgenabteilung der Med Uni- 
versitats-Pohkhnik, Frankfurt, a -M Price, 18 75 marks Pp 138, with 255 
illustrations Leipzig Georg Thieme, 1931 

In this monograph the authors present the results of a detailed study of the 
motor function of the digestive tract under normal and pathologic conditions The 
work IS unique in that it utilizes the roentgenologic method in an attack on the 
physiologic problems of gastro-enterology It is instructive, stimulating and well 
worth reading 
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The book opens with a brief consideration of the principles of intestinal motility, 
the types of movement seen and the relationship between motility, tonus and the 
movement of content This is followed by a section on the act of swallowing, 
including its physiologic variations, such as the ability of many people to drink 
without swallowing Organic and functional disturbances m the esophagus are 
adequately considered, cardiospasm and spasm of the esophagus being discussed 
in well illustrated detail 

The section on the stomach is well done, but it contains little new material 
The physiology and pharmacology of the pylorus are discussed, and the conclusion 
IS reached that there are no exact criteria for the diagnosis of pylorospasm as 
distinguished from simple failure of the pylorus to open 

The two sections devoted to the small intestine and colon are the best in 
the book Emptying of the duodenal bulb is ascribed to an active contraction of 
the bulb running from the tip to the base in a retrograde fashion, the peristalsis 
being a mirror image of that in the antrum The action of the ileocecal valve 
IS described m detail, and the motility of the terminal ileum is likened to that 
of the gastric antrum Organic lesions of the small bowel are considered, including 
tuberculosis, adhesions and acute intestinal obstruction The authors note that in 
diarrhea the disturbed motility is to be found in the colon, and not in the small 
bowel, confirming the clinical observations of Strasburger A careful study has 
been made of the manner m which barium is carried along through the colon and 
of the changes observed in diarrhea and in constipation The normal appendix 
IS said to be visuahzable, under proper conditions, in about 90 per cent of cases 
A brief section devoted to the gallbladder presents evidence of active motility 
of the organ, and describes pathologic conditions in considerable detail 

Clinical Dietetics A Textbook for Physicians, Students and Dietitians 
By Harry Gauss, MS, MD, FACP, Instructor in Medicine, University 
of Colorado School of Medicine Assisted by E V Gauss, B A Price, $8 
Pp 490 St Louis C V Mosby Company, 1931 

In his preface, the author states that the book is a presentation m detailed form 
of lectures on clinical dietetics that he has been delivering for several years In 
spite of this, much of the material is given quite briefly The author demonstrates 
that he is a student and philosopher, that he has been accustomed to presenting 
things in a simple form He has made the subject of dietetics seem relatively easy 
and interesting The chapter on diabetes is presented simply and well, but too 
briefly The author has striven throughout for simplicity, which often has been 
accomplished at the expense of the actual facts The subject matter follows 
such a definite outline that relatively unimportant things are frequently over- 
emphasized Case reports are made to fit into this outline often without adequate 
justification This is especially true of the ones used as illustrations of derange- 
ments of the digestive secretions Lists of diets are given generously and constitute 
the best feature of the book One general criticism to be made is that too much 
emphasis is placed on the use of roughage in practically all of the diets 
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BACTERIOLOGIC INVESTIGATIONS ON THE BLOOD, 
SYNOVIAL FLUID AND SUBCUTANEOUS NODULES 
IN RHEUMATOID (CHRONIC INFECTIOUS) 

ARTHRITIS 

MARTIN H DAWSON, MD 
MIRIAM OLMSTEAD, AM 

AND 

RALPH H BOOTS, MD 

NEW YORK 

The clinical evidence pointing to an infectne oiigin of iheumatoid 
arthiitis has led numcious investigatoi s to seek a bacteiial agent to 
which etiologic significance could be ascribed A wide vaiiefy of such 
agents has been repoited b} various woikeis at vaiious times, but the 
lack of umfoimity in the lesults obtained has seived to confuse rather 
than to claiify the issue In lecent years the widespread inteiest in 
rheumatoid aithiitis and the lecogmtion of the social and economic 
impoitance of this disease have stimulated lenewed activity in the search 
foi the etiologic agent 

HISTORICAL 

Bacteiiologic studies on the blood and tissues m iheumatoid aithiitis 
aie so numerous that a complete leview of the lesults obtained is not 
within the scope of this report Moieovei, a cntical leview of the hteia- 
tuie IS difficult, for numerous investigatoi s have presented the lesults 
obtained without refeience to the technic employed, the kind of cases 
investigated oi the methods adopted for the identification of the oigan- 
isms found Exteiioive leviews ^ of the liteiatuie have recently appealed 
from which the lesuine piesented in table 1 has been abstracted The 

^ Submitted for publication. May 25, 1931 

=■ From the Department of Medicine, College of Physicians and Surgeons of 
Columbia University, and the Arthritis Clinic of the Presbyterian Hospital (the 
Arthritis Clinic of the Presbyterian Hospital is suppoi ted by the Faulkner Memorial 
Fund) 

The Arthritis Clinic of the Presbyterian Hospital has adopted the classifica- 
tion and nomenclature for rheumatic diseases provisionally recommended by the 
Bi itish Ministry of Health and the International League for the Control of Rheu- 
matism In this classification the term “rheumatoid arthritis” is used to designate 
that form of chronic multiple arthritis more commonly called “chronic infectious” 
oi “atrophic” in America 

1 Pathogenic Streptococci, Ann Pickett-Thomson Research Lab pt 2, 4 253 
(April) 1929 Jordan, E P Microbic Etiology of Rheumatic Fever andl 
Arthritis, Arch Path 10 79 (July) 1930 
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Table 1 — Results of Bacteriologic Study Recorded tn the Liteiatwc 




Number 

— 

Author 

Year 

Tissue Cultured 

Oases Results 


Schuller 

1892 

SjnoMal fluid and joint tissues 

230 

Gram positive diplobacillus in 



1906 



150 cases 


Bannatyne, Wohl 

1898 

Synovial fluid 

18 

Gram negative diplohaeillus 


man and Blaxall 




(by smear) in all instances 


Crawford and Mai 

1903 

Synovial fluid 

48 

Ma j ority sterile few positii e 


hm 




cultures considered acciden 
tal contamination 


McCrae 

1904 

Synovial fluid 

110 

Negative 


Davis 

1912 

1 Blood and synovial fluid 

14 

Negative 



2 Tonsillar crypts 

42 

Streptocoeeus hemolytieus 

28 

Rosenow 

1914 

Regional lymph glands 

54 

Streptoeoccus viridans 

32 




Bacillus welchii 

14 





Staphylococcus 

5 





Diphtheroid bacillus 

5 





Bacillus mucosus 

3 





Micrococcus catarrhalis 

1 





Gonococcus 

1 





Sterile 

7 

Rowlands 

1914 

Blood and syno\ lal fluid 

40 

Negative 



1915 





Moon and Edwards 

1917 

Blood and synovial fluid 

83 

Nonhemolytic streptococcus 18 




(other organisms occasion 
ally found) 



Richards 

1920 

1 Blood 

104 

Streptococcus viridans 

14 



2 Synovial fluid 

54 

Streptococcus viridans 

4 

Munro 

1922 

Synovial fluid 

50 

Gram positive coccus (with 

4 




little hemolysis and little 
decoloration) 



Billings, Coleman 
and Hibbs 

1926 

Joint tissue 

14 

Streptococcus viridans or 

5 




nonhemolyticus 
Streptococcus hemolytieus 

1 





Mixed 

1 

Hadoopoulos and 

1927 

Blood 

145 

Streptococcus hemolytieus 

9 

Burbank 




Streptococcus viridans 

6 




Diphtheroid bacillus 

8 





Staphylococcus aureus 

b 

Suranyi and Eorro 

1928 

Blood 

25 

Streptococcus viridans 

19 

Forkner, Shands and 

1928 

1 Synovial fluid 

63 

Streptococcus viridans 

11 

Posten 



Gonococcus 

2 




Staphylococcus aureus 

1 



2 Regional lymph glands 

21 

Streptococcus viridans 

9 




Gonococcus 

1 

Bosten 

1929 

Regional lymph glands 

120 

Streptococcus ■\ iridans 

67 




Streptococcus nonhemolj ticus 

2 





Staphylococcus aureus 






Gonococcus 

1 

Ceeil, Nicholls and 

1929 

Blood 

78 

Streptococci, (83%, “attenu 

48 

Stainsby 




ated hemolytic”) 


Margolis and Dorsey 

1930 

Blood 

89 

169 blood cultures (1) 68 fol 





lowing technic of Cecil, 
Nicholls and Stainsby 







Streptococcus viridans 

3 





Diphtheroid bacillus 

(2) 74 following authors’ own 

2 





technic 

Streptococcus viridans 

4 

Nye and Waxelbaum 

1930 

1 Blood 

21 

Negative 



2 Synovial fluid and lymph 

5 

Inconsistent 




glands 





lesults reported by Mai gobs and Dorsey - and by N}'e and Waxelbaum ® 
are included in the summary 

From table 1 it is apparent that there is no unanimity of opinion as 
to the specific etiology of rheumatoid aithiitis Thiee alternative 
explanations may be offered to account foi the wide vaiiety of findings 
recorded 

2 Margolis, H M , and Dorsev, A H E Bacteriology of Blood in Chronic 
Infectious Arthritis, J Infect Dis 46 442 (June) 1930 

3 Nye, R N , and Waxelbaum, R A J Exper Med 52 885, 1930 
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1 Rheumatoid aithiitis may not be the result of infection by one 
particular bacteiial agent but lather by a multiplicity of such agents 

2 The bacteiia lecoveied may oi may not be of etiologic significance, 
and, in either case, may repiesent only casual invasion of the blood 
stieam and joint tissues fiom a distant focus 

3 The oiganisms lecovered may not actually be present in the bodv 
fluids, but may be the lesult of contamination due to impeifect technic 

The remarkable lesults leceiitly lepoited by Cecil, Nicholls and 
Stamsby^ on the bacteiiology of the blood and joints in rheumatoid 
arthiitis are of paiticular inteiest These authois, by the use of a special 
technic, claimed to have demonstiated the piesence of streptococci in 
the blood stream in 61 5 per cent of a senes of 78 patients 
examined They lepoited that 83 3 per cent of the stiains lecoveied are 
culturally and biologicall)'' identical and appeal to be “attenuated hemoly- 
tic stieptococci ” The} also lepoited that a stieptococcus cultuiallv and 
biologicall) identical with the strain isolated fiom the blood can some- 
times be cultivated from one of the affected joints of the same patient 

Because of the unusual natuie of this leport and the importance of 
such an obseivation in the study of rheumatoid arthritis the pi esent inves- 
tigation was undei taken A pieliminar} report of the lesults of this 
investigation has recently been piesented ^ 

Duiing this study all possible assistance was extended to us by 
Drs Cecil, Nicholls and Stamsby They peimitted us to study the 
technic as carried out at Bellevue Hospital, and the early poition of the 
work was done in their laboiatoiy Bioth was supplied by Dr Nicholls 
foi a poition of this investigation 

METHODS 

The gieatest care was exercised to follow the technic described b} 
Cecil, Nicholls and Stamsby This technic, as described m then oiiginal 
article,^ is as follows 

The technic employed for blood cultures was an adaptation of that recommended 
by Clawson in his blood culture studies of rheumatic fever 

Twenty cubic centimeters of blood was taken aseptically from the arm with a 
Luer syringe, placed in two sterile culture tubes and allowed to clot Each tube 
was treated separately in the following way 

The tube was centrifugated, and all the serum drawn off with a sterile pipet 
The clot was then broken up in the original culture tube with a sterile glass tube, 
inch (635 mm) m diameter The fragments of clot were drawn up in the 
same glass tube, and transferred to a 3 ounce bottle containing 50 cc of beef heart 
infusion broth with a />n of 7 6 (0 5 per cent sodium chloride, 1 per cent peptone) 

4 Cecil, R L , Nicholls, E E, and Stainsb}’-, W J Bacteriology of Blood 
and Joints in Chronic Infectious Arthritis, Arch Int Med 43 571 (May) 1929 

5 Dawson, M H , Olmstead, M , and Boots, R H Proc Soc Exper Biol 
6L Med 28 419, 1931 
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The bottle was then put m the incubator at 37 C and left there unopened for five 
days 

At the end of this time, a tube containing 8 cc of a 1 5 per cent beef heart 
infusion agar was placed in the water bath and heated until the agar was completely 
melted The tube was then partially cooled and 0 5 cc of whole rabbit blood added 
to it Finally, the tube was seeded with 0 1 cc of broth from the original blood 
culture, and the contents poured into a petn dish The culture was allowed to 
incubate for from twenty-four to forty-eight hours Similar pour-plate cultures 
were made every three to five days thereafter until the original blood culture had 
been m incubation for thirty days If, at the end of this time, the subcultures were 
still sterile, the sediment in the original blood culture bottle was drawn out with 
a sterile glass tube and centrifugated After centrifugation, part of the sediment 
was examined by means of stained smears, while the remainder was cultured, part 
of it in fresh blood broth and part of it on blood agar plates If these final cultures 
from the sediment showed no growth, the blood culture was considered sterile 
All of these cultures and transfers were made under a hood, in order to eliminate 
contaminations as far as possible All contaminated cultures were discarded 
When colonies appeared on the plates, they were transferred into blood broth 
and identified by the usual bactenologic methods 

Examination of this technic shows that the average number of mani- 
pulations involved in the procedure was as follows 


Taking of blood 1 

Separation of clot 1 

Centrifugation 1 

Pipetting off serum 1 

Breaking up clot and transferring to flask 1 

Opening of flasks to obtain samples for plates 6 

Centrifugation of sediment 1 

Pipetting off supernatant fluid from sediment 1 

Streaking plate from sediment 1 

Making smear from sediment 1 

Adding blood broth to sediment 1 

Subculturing sediment cultures 2 

Total number of manipulations 18 


The second sample of blood was, as a lule, subjected to a smaller 
numbei of manipulations inasmuch as plates weie not poured from it 
until cultures of the first sample either showed giowth or lemained 
steiile for the full period of thirt)'’ days The aveiage number of mani- 
pulations to which the second specimen was subjected was approxi- 
mately 14 

These 14 to 18 manipulations, extending over a peiiod of 
six weeks, constituted the aveiage number to which all cultures were 
'subjected It is therefore not sui prising that a consideiable number of 
contaminations were encountered in the course of this study The 
occurrence of all bacterial giowth, including even the most obvious con- 
tamination, IS recorded in the work herewith presented 
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THE PRESENT STUDY 

In the piesent investigation blood cultures were done only according 
to the technic desciibed by Cecil, Nicholls and Stainsby The relatively 
laige amount of blood leguiied and the intiicacies of the proceduie 
piecluded a moie extensive investigation by othei cultural methods with 
other nutiient mediums It is therefore emphasized that the conclusions 
diawn fiom this investigation apply only to the narrow range of cultural 
methods employed 

The type of patient selected piesented a charactei istic clinical syn- 
drome with chionic polyai thritis, frequently accompanied by swelling 
and defoimity of the joints affected The gieat majority of cases chosen 
foi study were in the active stage of the disease Cases of osteaithiitis 
(hj^’pertiophic, degeneiative) weie not included in the investigation The 
study extended over a peiiod of twelve months fiom March, 1929, to 
Maich, 1930 The possible effect of seasonal vaiiations was theiefoie 
eliminated 

In the couise of the investigation 105 separate blood cultuies weie 
done on SO patients In the majoiity of instances the specimens of 
blood obtained at each venipunctuie weie divided into two poitions, so 
that in all 204 samples of blood weie cultuied In 18 selected patients 
cultuies weie made on two occasions, in 3 on thiee occasions and in 1 
on SIX occasions 

Conti ol Mateual — ^In ordei that coiiect conclusions might be diawn 
from the occtiiience of bacteiial giowth in the blood cultuies of aithiitic 
patients, 31 samples of blood were obtained fiom 16 noimal peisons 
and subjected to similai methods of culture By way of further inteiest, 
16 tubes of sterile aiitoclaved agar weie subjected to the same mani- 
pulations and cultured by the same technic as that described by Cecil, 
Nicholls and Stainsby 

The results of these investigations aie piesented in the following 
tables 


Table 2 — Summaiy of Blood Cnltines on Patient'; zuith Rheumatoid Aitiuitis 


Number of blood cultures 


105 

Number of samples of blood 


204 

Number of patients 


80 

Of the 204 samples of blood 140 (72%) remained sterile, 
Organisms recovered 

58 (28%) yielded growth 


Gram positive bacillus (coarse) 

21 


Diphtheroid bacillus 

13 


Staphylococcus 

17 


Streptococcus viridans 

2 


Streptococcus anhemolyticus 

1 


Gram positive coccus (e\act nature undetermined) 

2 


Mold 

2 

58 



111 addition, colonies of bacteiia occasionally appealed in the pour- 
plates, but their presence in the flask was not established These colonies 
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weie composed of a wide variety of organisms comparable to those 
lecoveied from the flanks A few colonies of Streptococcus viridans and 
Sti eptococcus anhemolyticus appeared on three occasions 

Each specimen, on the average, was subjected to 15 manipulations, 
or 3,075 manipulations for the entire series 

Colonies of a vaiiety of bacteria also occasionally appealed m the 
pour-plates, but their presence in the flask was not established 

Each sample, on the average, was subjected to 15 manipulations, or a 
total of 465 manipulations for the entire senes 

In addition, one pom -plate showed 10 colonies of Sti eptococcus 
Miidans, but subsequent platings fiom the same flask remained sterile 
Each specimen, on the average, was subjected to 18 manipulations or 
a total of 228 manipulations for the entire series 

Table 3 — Snimitaiy of Blood Cnlimes on Conti ol Subjects 


Kumber of blood cultures 16 

Number of samples of blood 81 

Number of subjects 15 

Of the 31 samples of blood 27 (87%) remained sterile, 4 (13%) yielded growth 
Organisms recovered 

Gram positive baciUus (coarse) 1 

Diphtheroid bacillus 1 

Staphylococcus 1 

Mold 1 


4 


Table 4 — Summaiy of Cultuics of Samples of Stciilc Agai Subjected to Simdai 

Manipulations 


Number of samples of sterile agar IG 

Of the 16 samples 12 (75%) remained sterile, 4 (25%) yielded growth 
Organisms reeovered 

Diphtheroid bacillus 2 

Streptococcus viridans 1 

Gram positive coccus (coarse, air?) 1 


4 


The results of (1) blood cultuies on patients suffeimg fiom iheuma- 
toid arthritis, (2) blood cultures on normal persons and (3) cultuies of 
specimens of stexile agar subjected to similar manipulations, according 
to the technic of Cecil, Nicholls and Stainsby, have led to the following 
conclusions 

1 In spite of the greatest care to perform all manipulations undei 
sterile precautions, the technic, in our experience, was so involved as to 
call into serious question the significance of all bacterial growth 
encountered 

2 Blood cultuies on patients suffering fiom iheumatoid aithritis 
failed to yield results that could be consideied of etiologic significance 

3 No essential difference was found in the bacteria encountered in 
the three gioups of material cultured 
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4 The appearance of typical Streptococcus viridans on two occasions 
duiing the culture of specimens of steiile agai, subjected to similar 
manipulations, was felt to be of significance 

JOINT CULTURES 

While the scope ot the piesent investigation was piimaiily confined 
to the study of blood cultuies, the bacteriology of the synovial fluid of 
a number of patients suffeiing from rheumatoid aithritis was also 
investigated In the majority of cases the synovial fluid was withdiawn 
from the knee joint, but occasionally a small amount was obtained by 
aspiration of the wrist joint, the ankle joint and the proximal intei- 
phalangeal joints of the Angers 

The sjnovial fluid was withdiavn undei sterile piecautions and 
cultured in a vaiiet)'- of mediums which included the following blood 
bioth, hormone broth, meat broth, dextrose ascitic broth, and dextrose 
ascitic agar shakes The meat broth was heated in a water bath at 
100 C for twenty minutes and allowed to cool to body temperatuie 
before being inoculated The cultuies in the dextiose ascitic agar 
shakes weie cairied out undei petrolatum seal In some cases the 
amount of fluid available was insufficient for culture in all the mediums 
mentioned In other cases, when more material was available, all the 
nutrient mediums named were employed and vaiying amounts of 
synovial fluid weie cultuied in the same medium All the cultures weie 
kept in the incubator at 37 C for at least thirty days and carefully 
examined for the presence of bacterial growth at four or five day inter- 
vals duiiiig that time This procedure gieatly added to the number of 
manipulations and naturally inci eased the probability of contamination 
In all, 23 samples of joint fluid, obtained from 19 patients, weie 
examined by this technic, with the following results gi am-positive 
bacilli (coaise), 3, diphtheioid bacilli, 3, and staphjdococci, 1 

Because of the vaiiety and natuie of the oiganisms encounteied and 
because of the possibility of contamination in cultuies subjected to 
1 epeated manipulations over such a prolonged period, it was felt that no 
etiologic significance could be attached to the results obtained 

CULTURES ON SUBCUTANEOUS NODULES 

It has been pointed out in previous communications that subcutane- 
ous nodules aie of not infiequent occurrence in patients suffering from 
rheumatoid aithritis Such nodules weie observed in 43 patients 
who presented themselves for tieatment at the Aithiitis Clinic of the 

6 Dawson, M H , Sia, RHP, and Boots, R H J Lab & Clin Med 
15 1065, 1930 Dawson, M H , and Boots, R H Subcutaneous Nodules in 
Rheumatoid (Chronic Infectious) Arthritis, J A M A 95 1844 (Dec 20) 1930 
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Piesbyteiian Hospital during the past eighteen months Sections were 
obtained on 16 of these nodules and the material was subjected to 
careful pathologic investigation All the material examined showed a 
unifoim and highly characteristic histologic stiuctuie" For these rea- 
sons particulai attention was diiected towaid the bacteriologic study of 
the subcutaneous lesions of this disease 

Sixteen nodules, obtained from 11 patients, were cultuied in a 
variety of mediums which included the following blood broth, meat 
broth and dextrose aschic agai Whenever sufficient material was avail- 
able, cultures were earned out anaeiobically as well as aerobically All 
cultures were kept in the incubator at 37 C for at least thirty days and 
Cdiefully examined eveiy few days foi the occurrence of bacteiial 
growth The results of these cultures were as follows diphtheroid 
nacilli, 3, and staphylococci, 2 

Sections of the subcutaneous nodules were stained by Gram’s method 
and carefully examined for the presence of bacteiia In no case was it 
possible to demonstrate the occurience of micro-organisms in the char- 
acteristic subcutaneous lesions of this disease 

For the same reasons as those enumeiated in the case of the joint 
cultures, it was felt that no etiologic significance, othei than that of a 
negative character, could be attached to the lesults obtained 

SUMMARY 

1 One hundred and five blood cultures, the majoiity in duplicate, 
weie carried out on 80 patients suffering from iheumatoid arthiitis 
accoiding to the technic of Cecil, Nicholls and Stamsby As control 
material, 31 samples of blood from normal peisons and 16 samples 
of sterile autoclaved agar weie subjected to similar manipulations 

2 The blood cultures on patients suffering fiom rheumatoid aithiitis 
failed to yield organisms that could be consideiedof etiologic significance 

3 No significant difference was observed m the bacteria encounteied 
in the blood cultures of patients and those observed duimg the culture 
of the control material under similar conditions 

4 Streptococcus viridans was occasionally encountered duimg the 
culture of the control mateiial as well as during the culture of specimens 
of the patients’ blood 

5 Aerobic and anaerobic cultures of 23 specimens of S 3 movial fluid 
obtained from patients suffering from iheumatoid aithiitis failed to 
}ield organisms that could be considered of etiologic significance 

6 Aerobic and anaerobic cultures of 12 subcutaneous nodules 
obtained from patients sufteiing fiom iheumatoid arthiitis failed to 
yield organ isms that could be considered of etiologic significance 

7 Dawson, M H , and Pappenheimer, A M Scient Proc , Am Soc Path 
& Pact , April, 1930 
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I THE ERROR OF BASAL METABOLISM DETERMINATION AND 
THE NORMAL RANGE OF BASAL METABOLISM 

R L JENKINS, MD 

CHICAGO 

The eiioi of basal metabolism deteimmation is of inteiest climcall}’- 
chiefly as it affects the usefulness of basal metabolism deteimmation as a 
diagnostic pioceduie It may then be expedient to begin a study of this 
erioi with a consideiation of the “normal range of basal metabolic 
lates,” and to pass fiom this to a discussion of the eiroi of deteimmation 
and its implications 

For a piopei evaluation of the “noimal lange of basal metabolic 
lates” it IS necessary to know two things The first is a measuie of the 
cential tendency of the metabolism of noimal peisons This will be 
lefeired to in this paper as the “zeio point ” The second is a measuie 
of the spiead of the basal metabolism of normal peisons about this “zeio 
point” — a measure of the dispersion of the distiibution These factois 
will be discussed sepaiately 

THE ZERO POINT 

E\ei) metabolism standaid has a zeio point The most obvious 
solution of the quest for the zero point is to accept the zeio point 
of the standaid used as the true zeio point But when one leahzes 
that the zeio point of two difteient standaids foi adults may diftei 
by as much as 9 pei cent,^ it becomes appaient that this cannot be 
geneially satis factoiy The situation with legaid to childien’s 
standaids is considerably woise 

Theie are diffeiences m the level of metabolism of gioups of 
noimal subjects lepoited by Aaiious investigators not explainable by 
chance but leflectmg eithei leal differences in the populations studied 
01 diffeiences in technic such as would lesult in finding lates com 
sistently higher in one laboiatoiy than in anothei A discussion of 
which of these two explanations is the more likely is outside the scope 
of this aiticle The point of impoi fance is that such diffeiences do 
exist, and that they preclude the use of the seio point of a paihculai 
standaid as a tine cei o point of a paihculai population and laboiatoiy 
without expel iniciital vci ification 

Submitted for publication, May 18, 1931 

This study was carried out under the auspices of the Social Science Reseaich 
Committee of the University of Chicago 

1 Difference in the zero points of the ICrogh and the Mayo standards for men 
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Using a portable Benedict apparatus modified by the Sanborn motor 
blowei, I found the zero point (defined as the mean rate) of a group 
of thirty-four apparently normal male university freshmen to be 
— 5 per cent, according to the Aub-DuBois standard With the same 
type of apparatus, members of the stafif of the metabolism laboratory 
of the Univeisity of Chicago Clinics, under the direction of Miss 
Majorie Smith, made determinations of basal metabolism of 1,126 
men and 2,994 women, between January, 1929, and September, 1930,- 
the distributions found are shown diagrammatically in charts 1 and 2 
It will be noted that the peak of each distribution is within the normal 
range, and that each distribution is skewed to the right (in the diiec- 
tion of high lates) This is to be expected, as at least in this locality 
“hyperthyi oidism” is far more common than hypothyroidism It is 



Chart 1 — Distribution of basal metabolism of 1,126 men These determinations 
were made m the University of Chicago Clinics 

leasonable to suppose that in that section of the distribution which 
IS within the normal range, there is a preponderance of normal peisons, 
1 e , of those normal with regard to metabolism If there is such a 
prepondei ance of persons with noimal metabolism, the gieatest numbei 
should fall at the zero point It will be noted that in the case of 
both men and women the peak of the original cuive and the peak of 
the smoothed curve for women falls at — 9 per cent The smoothed 
curve foi men is equally high at — 9 pei cent and — 10 pei cent The 
diffeience between — 5 per cent and — 9 per cent is in pait accounted 
for by the fact that in my data on noimal persons, successive deter- 
minations on a given day were averaged, while in the data of the 
clinic the lower leading was selected This accounts for a discrepancy 
of fiom 2 to 2 5 per cent The lemainder is within eas) chance 

2 The Department of Medicine, University of Chicago Clinics, permitted me 
to use this material 
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deviation, in view of my shoit senes If the value of the clinic is 
accepted and successive deteiminations aie aveiaged, the zeio point 
for this paiticular locality and technic is — 7 per cent If the lower 
leading is selected, the zeio point is — 9 per cent The impoitance of 
the location of the zeio point may be leahzed better if one consideis 
that the conventional 21 pei cent range being used as the “normal 
range” about the zero point, the “normal lange” in the data of the 
clinics may be defined as fiom — 19 per cent to -f- 1 per cent instead of 
fiom — 10 per cent to + 10 per cent This would result in a shift of 
38 per cent of the women and 37 per cent of the men one way or another 
across the “limit of the noimal lange ” Incidentally, as a result of such 
a change, 57 per cent of the women would fall within the normal range 
111 place of 49 pei cent and the percentage of men with “normal’ rates 



Chart 2 — Distribution of the determinations of basal metabolism of 2,994 
women A portable Benedict apparatus modified by the Sanborn motor blower was 
used 

would be inci eased from 45 per cent to 57 per cent The limits — 10 
pel cent, + 10 pei cent, — 19 per cent and -f 1 pei cent aie indicated 
on figure 1 and 2 

It may be well heie to emphasize that it is highly desiiable that 
each laboratory should individually determine its zero point by the 
standard it uses Such a deteimmation should be based on not less 
than twenty-five normal pei sons The deteimmation of the modal point 
of the distribution of basal rates on a large senes of unselected patients 
may be legarded as a substitute method moie open to ciiticism 

THE NORMAL DISPERSION 

It IS in a consideration of the “noimal dispersion” that the question 
of random errors of technic must enter Constant eirors will have been 
taken care of by an adjustment of the zeio point If it were possible 
to achieve an ideal state, the “normal dispersion” would be reduced 
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to zero, and the metabolism deteimmations of all normal persons would 
fall at the zeio point Under such circumstances, a deviation of 1 per 
cent from the zero point might be branded as pathologic This would 
imply a peifect technic of measurement of gaseous exchange, a perfect 
“basal state” in every normal person, a perfect normal standaid and a 
perfect application of this standard to each individual By perfect 
standard, I mean a standard that would pi edict exactly the metabolism 
of any normal individual under the foregoing circumstances Such 
a standaid lies beyond hope of even ultimate achievement Experience 
indicates that under the most favorable conditions one must expect a 
ceitain normal dispeision — a dispersion of the metabolism of noimal 
persons, which will ceitamly remain with the best standaid that can 
ever be devised and the best technic one may evei hope to introduce 
Let me heie introduce the concept of a true normal dispeision — the 
dispeision that would lemain among “noimal” persons if theie weie a 
peifect techmc, the best possible standard and a constant basal state 
Such a tiue normal dispersion would be less than the normal dispersion 
that one experimentally observes The latter is gieatei because in it 
one adds the effects of impeifect technic, imperfect standaid, imperfect 
application of the standaid (errors in measurement of height and 
weight) and the fact that a constant “basal condition” is not achieved 
These factors all widen the expeiimental noimal dispeision and theieby 
blunt the technic as a clinical instrument I pioceed, therefore, to a 
consideiation of then influence on the expeiimental noimal dispeision 
and of how they may be kept at a minimum I shall choose the standard 
deviation (o-) as the measure of dispeision 

Then (Tn' = f(crn, at, o-g, o-m, o-b)> m which o-n' represents the stand- 
ard deviation of the experimental noimal dispersion, o-n lepresents 
the standaid deviation of the tine noimal dispersion as heie defined, 
cTt represents the standard erior of the technic of measuiement of 
gaseous exchange (or of direct calorimeti}) , o-g lepresents the standaid 
erior of the lelative piediction value of the standaid, (Tm lepresents 
the standard eiror of the application of the standard, and o-b, the coeffi- 
cient of vaiiation m the metabolism of normal persons undei the condi- 
tion of basal metabolism determination 

I have indicated that the sharpening of the diagnostic instiuinent 
depends on reducing the experimental noimal dispeision until it 
approaches as closely as possible the tiue normal dispersion This 
depends on reducing to as low a level as possible the various errors 
appealing in the latter part of the expression I shall consider these 
separately 

The errors of technic have been the subject of many articles Theie 
IS widely a proper respect for them, and effort is diiected, with vaiying 



JENKINS— BASAL METABOLISM 


185 


degiees of intensity and success, to their elimination The importance 
of this effort is self-evident 

The eiiois of the standaids have been neglected to a greater extent 
Table 1, which is condensed fiom a previous aiticle,^ contains a tabula- 
tion of the coefficient of variation of the eiroi of relative prediction of 
the basal metabolism of noimal persons by the Aub-DuBois standaid, 
the Haiiis-Benedict standaid and the Dieyer standaid based on obseived 
weight It should be noted that these are the eriois of relative pre- 
diction and not of absolute piediction, each deviation is measured, not 
from the zero point of the standaid, but from the zero point of the 
group of normal values experimentally determined by this stand- 
ard It should fuither be noted that what actually enters into 
the deteimination of noimal dispersion is not the coefficient of 
vai lability of pSlt?dTa\on?s > coefficient of variability of 

obs^rfed calorics values may be expected to be practically 

identical, however, and for the purposes of this comparison this diffei- 
ence is ignored It will be noted that the Hanis-Benedict standard 
and the Dreyer standard are rather bettei than the DuBois standard in 
then accuracy in relative prediction The weighted mean of the 
coefficients of variation of the Aub-DuBois standard is 7 505, while the 
value for the Hai ris-Benedict standard is 6 605 and that for the Dreyei 
standard, 6 805 This is a significant improvement 

In the mateiial surve 3 '-ed by me, the standard of Hairis and Benedict, 
the Dre 3 ^er standard based on observed weight and the Boothby and 
Sandifoid standards appear the best by empiiic test The Hariis-Bene- 
dict standard has the advantage of widely established usage in this 
country and on the continent of Europe It necessitates the use of 
another standard for children The Dreyer standard and the Boothby- 
Sandiford standaid are applicable to children as young as 5 years of 
age The Dreyer standard has an established usage particularly in 
England If one uses the tables of Stoner,^ it is the easiest standard 
of all to apply 


There is a further piocedure by which it is possible to i educe the 
pait played by the erior of standard This consists in the calculation 
of all borderline or doubtful rates by two or three standards, as this 
will frequently make a difference of several per cent in the basal rate, 
even after allowance is made for the differences in the level of the 
standards In carrying out this procedure, due allowance should be 
made for the diffeience in the level of the standard Such allowance 
IS conveniently made by the use of tables that I have published 


3 Jenkins, R L Basal Metabolism Standards, J Nutrition 4 305, 1931 

4 Stoner, W H Notes on Basal Metabolism, V and VI Tables of Values 
of Dreyer’s Formulas, Boston M & S J 189 239, 1923 , 191 1026, 1924 
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The eiior in the application of the standaid should be slight, if 
ordinary care is used It is not difficult to determine height and weight 
with a satisfactory degree of accuiacy However, the use of the Dieyei 
standards based on calculated weight increase these errors materially, 
as Miss Boyd ® has pointed out 

The error intioduced by the actual variation in the metabolism of 
a given normal person may be consideiable Wishart ® found it to be 
usually in the neighboihood of 5 per cent (coefficient of variation =5) 
In my experience with university fieshmen, and in the extensive experi- 

Table 1 — Piobabthty of Deviation of Noimal Pei sons 


Deviation Drom Zero 
Point, per Cent 


Probability 


5 

10 

15 

17 

20 


1 chance in 4 
1 chance in 13 
1 chance in 63 
1 chance in 132 
1 chance in 455 


Table 2 — Piedtcfwn Accuiacy of Vanous Standaids on Adults 


CoefBcient of Variation* 



Number 



Hams 

Dreyer Standard 


of 


Aub Dubois 

Benedict 

(Observed 

Investigator 1 

Subjects 

Sex 

Standard 

Standard 

Weight) 

Hams and Benedict 

134 

M 

8 59 

5 10 

658 

Hams and Benedict 

102 

P 

7 82 

7 85 

7 68 

Boothby and Sandiford 

41 

M 

619 

5 95 

5 96 

Boothby and Sandiford 

01 

P 

5 59 

5 85 

617 

Earle 

87t 

M 

718 

6 59 

6 85 

Hobson 

46 

M 


719 

6 10 

Author 

34 

M 

8 27 

7 04 

711 

Mean (excluding Hobson) 



7 265 

6 563 

6 725 

Mean (excluding Hobson) 

weighted 

for 




number of cases 



7 505 

6 605 

6 805 


, „ „ . , . . predicted calories 

* Coefficient of variation of 

observed calories 
t These subjects were Chinese 


ence of Dr Kunde of this university with dogs, theie is consideiable 
difference between persons in the extent to which their metabolism 
tends to vary This source of error is reduced to a minimum by 
observing carefully the standard procedures for inducing a basal con- 
dition and by making repeated tests in doubtful cases, training the 
subjects to relax 

Any definition of “normal range of basal metabolism” is necessarily 
arbitrary There is, of course, a giadual diminution m the likelihood 

5 Boyd, Edith The Experimental Error Inherent in Measuring the Growing 
Human Body, Am J Phys Anthropol 13 389, 1929 

6 Wishart, George The Variability of Basal Metabolism, Quart J Med 20 
193, 1927 
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that a given pei son’s metabolism is noimal, as oui measuienient shows 
it to deviate fiom the zero point If 7 is accepted as a typical coefficient 
of variation of the basal metabolic lates of noimal persons tested with 
careful technic, the piobabihty is that a noimal person will deviate any 
given distance m a gnen diiection fiom the mean, as tabulated in 
table 1 It IS obvious that a normal lange of 10 pei cent is dangerously 
small, as two noimal peisons in thiiteen may be expected to fall out- 
side the noimal lange, one at either end 

Of couise, the same senes of normal peisons used to deteimme the 
"zero point” m any gnen laboiatory may also be used to determine 
the noimal dispersion for that laboiatory by a calculation of the coeffi- 
cient of vaiiation Chance factois m the selection of "normals” will 
entei into the coefficient of variation unless a fan series is used 

SUMMARY AND CONCLUSIONS 

1 Every laboratoiy should deteimme the "zeio point” of its own 
noimal population and its own technic on the standaid it uses This 
may be cairied out by determinations on a minimum of twenty-five 
normal persons oi by taking the modal point of a very large series of 
unselected cases 

2 The expel imental noimal lange is a function of the tiue noimal 
range and the errois of measuiement With good technic, it is possible 
to 1 educe the normal lange to a minimum and so sharpen basal 
metabolism determination as a diagnostic instiument 

3 The use of the Harris-Benedict standard or the Dreyer standaid 
based on observed weight reduces the normal range as compaied with 
the Aub-DuBois standaid 

4 The eiror intioduced by the standard may be fuithei i educed 
by comparing two oi thiee standards m all doubtful cases 

5 A delimitation of the normal lange to 21 per cent is piobably 
overly low, even with a good technic This might be supplemented by 
legarding all cases deviating from 10 to 17 per cent from the zeio point 
as "doubtful ” 



BASAL METABOLISM 

II THE BASAL PULSE COMPLEX 

R L JENKINS, MD 

CHICAGO 

The impoitance of the elevation of pulse late and pulse pressuie in 
the diagnosis of disturbances of the th3HOid has long been recognized 
Despite the importance of these symptoms and the fact that they are 
easily available to quantitative tieatment, then clinical use is laigely by 
lule of thumb Since their value is so generally lecogmzed by rule of 
thumb methods, it seems not unieasonable to suppose that it might be con- 
siderably increased by the application of more piecise methods of study 
and use 

In 1924, Read published a foimula foi the prediction of basal 
metabolism from basal pulse late and basal pulse pressure ^ The formula 
IS 0 75 (pulse rate -|- 0 74 pulse pressuie) — 72 = basal rate Read 
stated that by this formula it was possible to predict the basal metabolic 
rate within 10 pei cent in a little moie than half of the cases 

Hunt compared basal rate and Read’s formula in 54 cases Four 
basal deteiminations were rejected as unreliable Of the remaining 50 
cases, in 27 (54 per cent) the basal rate and the value from Read’s 
formula agreed within 10 per cent Hunt is quoted by Langmead - as 
drawing the following conclusions 

1 Read’s formula will very seldom give appreciably too high an estimate of 
the basal metabolic rate, but often gives slightly lower figures 

2 A very marked discrepancy suggests an error in technique 

3 The basal metabolic rate in very bad cases is probably fairly considerably 
higher than Read’s formula suggests 

4 Iodine treatment appears to improve the circulatory system as shown by 
Read’s formula more definitely and more permanently than it improves the basal 
metabolic rate, which does not appear to be reduced for long by the comparatively 
small doses given (up to 20 minims of Lugol’s solution daily) With this exception 
Read’s formula has shown improvement in treatment exactly parallel with that 
shown by the basal metabolic rate 

Submitted for publication, May 18, 1931 

^ This study was carried out under the auspices of the Social Science Research 
Committee of the University of Chicago 

1 Read, J Marion Basal Pulse Rate and Pulse Pressure Changes Accom- 
panying Variations in Basal Aletabohc Rate, Arch Int Med 34 553 (Oct) 1924 

2 Langmead, F S The Etiology, Prognosis .and Treatment of Graves’ Dis- 
ease, Brit M J 1 715, 1929 
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5 Read’s formula should be applied under basal conditions but does not seem 
to vary so much as the basal metabolic rate from food oi other external factors 
In some cases it is quite impossible to gauge this latter accurately Within limits 
it would seem that the figure obtained by this formula is an accurate guide to 
progress, and differs widely from the basal metabolic rate figure only in the 
severest cases It has a particular field of usefulness when for some reason estima- 
tion of the basal metabolic rate is not practicable 

In view of the fact that it is a quite widespiead piactice to take the 
pulse under basal conditions at the time the basal metabolism is 
detei mined, and that it is veiy simple to add a deteimmation of blood 
pressuie, it seems stiange that this formula has not come into lathei 
geneial use m connection with the actual deteimmation of basal 
metabolism Its value by such an arrangement would not he in pre- 
dicting the basal late, since this can be expei imentally measuied with 
consideiably moie accuiacy, but rather m affording a “pulse complex” 
figuie which would be diiectly compaiable with the basal late and affoid 
a confirmatory diagnostic measuie 

SOURCE OF MATERIAL 

The material used foi this study consists of 4,120 routine basal 
metabolism detei mmations These detei mmations compiise all of the 
detei minations made on subjects 16 or more yeais of age in the metab- 
olism laborator}’’ of the Univeisity of Chicago Clinics fiom January, 
1929, to September, 1930 All detei mmations weie made by oi undei 
the diiection of Miss Marjorie Smith who was m chaige of the 
laboiatory This material has been used by pei mission of the depart- 
ment of medicine of the University of Chicago 

The procedure was as follows The patient appealed (fiom home oi 
fiom the hospital) in the metabolism laboiatory without bieakfast and 
without a bath Aftei being weighed (in cotton gown) and measuied, 
the patient rested in bed for one-half houi Toward the end of this 
period of rest the tempeiature was taken and the pulse was counted foi 
one minute Two determinations of oxygen consumption weie per- 
foimed with the Benedict closed ciicuit apparatus modified with the 
Sanborn motor blowei At the end of the second deteimmation, with- 
out disturbing the patient, the blood piessure was measured two or 
three times with a mercuiy sphygmomanometer and an average value 
was recorded 

PROCEDURE OF STATISTICAL ANALYSIS 

From the outset, men and women were tieated sepaiately The 
oiigmal plan included the treatment of seven variables These vaiiables 
were basal metabolic rate, pulse rate, respiration rate, body temperature, 
systolic blood pressure, diastolic blood pressure and age It was found 
by experimental tabulations that pulse pressure bore a higher coi relation 
with basal metabolism than did either systolic blood pressure or diastolic 
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blood pressuie Pulse piessure was therefore substituted for these two 
measures Pieliminary tabulations also revealed the absence of any 
relation between age and basal metabolic late oi age and pulse rate, and 
the relations between age and respiration late, age and body temperature, 
and age and pulse piessure weie of such low degree that it was decided 
to Ignore them and eliminate age as a variable The number of variables 
was thus reduced to five 

Table 1 — Infercoii elafwn of Basal Metabohc Rate, Pulse Rate, Pulse Ptessuie, 
Respiiafton Rate and Body Teinpei atui e 


Correlation, of 


846 Men 


2,408 V omen 


Basal metabolic rate and pulse rate 
Basal metabolic rate and pulse pressure 
Basal metabolic rate and respiration rate 
Basal metabolic rate and body temperature 
Pulse rate and pulse pressure 
Pulse rate and respiration rate 
Pulse rate and body temperature 
Pulse pressure and respiration rate 
Pulse pressure and body temperature 
Respiration rate and body temperature 


ne = 0 525 dr 0 017 
ri3“0 507d:0 0is 

ri4 = 0 281 d: 0 021 
nc = 0 233 ± 0 022 
r=3 = 0 394 ± 0 020 
Tsi — 0 254 d: 0 022 
r.E = 0 262 ± 0 022 
r3i = 0 206 d: 0 022 
rsE = 0 154 ± 0 023 
r4E= 0 048 ± 0 023 


ri= = 0 504 ± 0 010 
ri3 = 0 448 ± 0 011 
ri4 = 0 SOS ± 0 012 
riB = 0 178 ± 0 013 
ris = 0 268 ± 0 013 
r24 = 0 219 ± 0 013 
r:E = 0 289 ± 0 012 
r34 = 0 184 ±0 013 
rss = 0 145 ± 0 013 
r4B = 0 073 ±0 013 


Table 2 — ]\Iean Value of Basal Metabohc Rate, Pulse Rate, Pulse Piessiue, 
Respiiation Rate and Body Tempo atm e 


Mean Value of Each Variable 

— _ ^ - 



Variable 

Men 


Women 

1 

Basal metabolic rate 

—3 2% ± 

0 63 

—2 S% -t- 0 34 

2 

Pulse rate 

73 3 ± 

0 45 

81 3 4- 0 28 

3 

Pulse pressure 

43 9 -h 

0 51 

44 3 4- 0 31 

4 

Respiration rate 

14 03 -P 

014 

14 63 4- OOS 

5 

Body temperature 

97 7° 

0 02 

98 1° 4- 0 01 


Table 3 — Standard Deviation of Basal Metabohc Rate, Pulse Rate, Pulse Pies- 
sme, Rcspuation Rate and Body Rate 


Standard Deviation of Each Variable 


-A. 



Variable 

Men 


Women 

1 

Basal metabolic rate 

18 3% 4- 

0 44 

16 7% 4- 0 24 

2 

Pulse rate 

13 2 4- 

0 32 

13 9 4^ 0 20 

3 

Pulse pressure 

14 9 -f 

0 36 

15 3 4- 0 22 

4 

Respiration rate 

416 4- 

010 

412 4- 0 06 

5 

Body temperature (Fahrenheit) 

0 66° 4- 

002 

0 61° 4- 0 01 


The first step in the analysis was to piepaie con elation sheets and 
calculate correlation coefficients for each of the ten interrelations of 
these measures The results of this treatment are contained m tables 1, 
2 and 3 Correlation coefficients of basal metabolism with pulse late 
and pulse pressure are not so large as those obtained by Read, but are 
practically identical with the findings of Minot and Means 

Read obtained from 600 basal tests on both men and women a cor- 
relation between basal metabolic rate and pulse rate of 0 745 
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±: 0 013 and between basal metabolic rate and pulse pressuie of 0 625 
±0015 Minot and Means = found a coi relation of 0525 ± 0036 
between basal metabolism and pulse rate m the case of 180 observations 
on 126 patients with hyperthyroidism and a coefficient of 0 544 ± 0 044 
in the case of 110 observations on 71 patients with leukemia Sturgis 
and Tompkins^ and James Smith ° have published scatter diagiams of 
the relation between pulse rate and basal metabolism Davies, Meakms 
and Sands® have published a scatter diagiam of basal metabolic rate 
and minute volume of cardiac output These tables all show a pro- 
nounced relationship The authors have not calculated coi relation 
coefficients 

The fact that a lower con elation coefficient was obtained with the 
data here presented than that of Read is to be ascribed largely to the 
fact that the material of Read contained proportionately fewei cases 
within the normal range and more outside of it Such a widening of 
the range would, of course, result in a higher correlation coefficient 

The next step m the analysis of the data here presented consisted in 
the application of multiple correlation technic to determine the best 
weighting of a i egression equation for basal metabolism Table 4 
contains the multiple correlation coefficients of basal metabolism with 
pulse rate and pulse pressure and of basal metabolism with pulse late, 
pulse pressure and lespiiation late, together with the piobable erior of 
prediction for each It becomes evident that the increase m prediction 
accuracy to be gamed by the inclusion of body temperature as a fouith 
factoi will be insignificant Indeed, the gam m piediction accuracy from 
the inclusion of lespiration rate in the prediction is inadequate to 
justify the added complexity its inclusion bungs 

The regiession equation for the piediction of the basal metabolism 
of men fiom their basal pulse rate and basal pulse pressure, as derived 
from this material, is 0 534 pulse rate + 0 436 pulse pressuie — 62 55 
That for women is 0 497 pulse rate + 0 368 pulse pressure — 59 51 
These two formulas form an mteiestmg compaiison to the equation 
of Read, which is 0 75 pulse rate 0 57 pulse pressure — 72 All the 
foimulas give about the same piopoitionate weight to pulse rate and 
pulse pressure 

3 Minot, G R, and Means, J H The Metabohsm-Pnlse Ratio m Exopli- 
thalamic Goiter and in Leukemia, Arch Int Med 33 576 (May) 1924 

4 Stuigis, C C, and Tompkins, EH A Study of the Correlation of the 
Basal Metabolism and Pulse Rate in Patients with Hyperthyroidism, Arch Int 
Med 24 467 (Oct ) 1920 

5 Smith, J H Basal Metabolism I Correlation of Basal Metabolic Rate 
and Basal Pulse Rate, Arch Int Med 41 663 (May) 1928 

6 Davies, H W , Meakms, J , and Sands, J The Influence of Circulatory 
Disturbances on the Gaseous Exchange of the Blood V The Blood Gases and 
Circulation Rate in Hyperthyroidism, Heart 11 299, 1924 
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Ceitain souices of error should be considered in evaluating the 
foregoing proceduies In the fiist place, the lower of two rates has 
uniformly been selected as the true basal late As there has been no 
similar selection of the lowei of two pulse complexes, this does not 
seem a justified piocedure The mean difference between the lower 
and the higher of two rates taken in succession duiing the same metabo- 
lism peiiod IS 5 29 per cent in the case of the men and 4 17 per cent in 
the case of the women If one-half this correction is added to the foie- 
gomg prediction formulas to give the best prediction of midbasal rate, 
the foimulas become 

0 534 pulse rate -f- 0 436 pulse pressure — 59 94 
and 

0 497 pulse rate + 0 368 pulse pressure — 57 42 

Random errois in the determination (oi variation within the given 
peiiod) of any vaiiable entering into the formula would reduce the 
coi relation The degree of random eiror in the deteimination of basal 
metabolism becomes evident fiom an analysis of the cases of 291 men 
and 765 women on whom both basal rates were tabulated The 
reliability of the method is 0 922 Az 0 006 in the case of the men and 

0 940 ± 0 003 in the case of the women If Spearman’s formula for 
correction of the attenuation of basal metabolism is applied, the multiple 
coefficient of con elation of basal metabolism with pulse rate and pulse 
pressure is raised from 0 598 to 0 613 m the case of the men, while that 
of the women rises from 0 600 to 0 619 It is evident that erioi in the 
determination of basal metabolism exeits no significant influence over 
the 1 elation as here described It is not possible from the available 
data to determine the degiee oi influence of the error in the deteimi- 
nation of pulse rate oi pulse piessure, nor would it be theoi etically per- 
missible to coirect for the attenuation of these measures if this could 
be done, since the error of these measurements must inevitably enter 
into any use that is made of them The error m the determination of 
pulse rate may be expected to be low That in the determination of 
pulse piessure is piobably considerable 

Inspection of table 1 may already have called to the attention of the 
leadei the fact that most of the variables correlate with basal metab- 
olism moie highly than with any other vaiiable This introduces the 
question of whether the intercorrelations of pulse rate, pulse piessure, 
respiiation rate and body temperature with each other are due simply 
to the fact that each is correlated with basal metabolism Is the associ- 
ation of rapid respiiation and rapid pulse simply a leflection of the fact 
that both are commonly associated with an elevated basal metabolism, 

01 does the pulse pei se exert some influence ovei the respiiation or 
\ice lersa^ This question may be answered by observing the partial 
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con elation coefficients of pulse late, pulse pressure, lespiration rate, 
and body temperature with basal metabolism constant These coeffici- 
ents aie tabulated in table 5 

A survey of table 5 will reveal that these partial coefficients of 
correlation are all low, but with one exception are all positive The 
conclusion indicated seems to be that most, but not all, of the intercoi- 
1 elation of pulse late, pulse pressure, respiration late and body tem- 
perature IS due to the con elation of each of these measures with basal 
metabolism 

It may fuither be stated that this material indicates that rise of 1 
degree Fahrenheit is equal to a rise in basal late of 7 per cent in the 
case of men or 5 per cent in the case of the women One degree ceiiti- 


Table 4 — Multiple Coi i elation Coefficients foi Piedictwn of Basal Metabolic Rate 


Men 

Basal metabolic rate ■with pulse rate and pulse pressure 
Basal metabolic rate with pulse rate, pulse pressure 
and respiration rate 

Multiple 

Correlation 

Coeflacient 

ri 23 = 0 59S 

ri 231 = 0 C29 

Probable Error 
of Prediction 
of Basal Rate 

9 90% 

9 59% 

Women 

Basal metabolic rate with pulse rate and pulse pressure 
Basal metabolic rate with pulse rate, pulse pressure 
and respiration rate 

ri 23 — 0 COO 

ri 231 = 0 021 

9 01% 

8 88% 

Table 5 — Paitial Intel con elation Coefficients with Basal Metabolic Rate Constant 

Partial Correlation of 

Men 

Women 

Pulse rate and pulse pressure res i 

Pulse rate and respiration rate izt i 

Pulse rate and body temperature res i 

Pulse pressure and respiration rate rs4 1 

Pulse pressure and body temperature rsc i 

Respiration rate and body temperature tig i 

= 0175 

= 0130 

= 0166 

0 075 
= 0 041 

= — 0 019 

r23 1 = 0 054 

r2i 1 = 0 078 

r2G 1 = 0 269 

rsi 1 = 0 085 

rsG 1 = 0 074 

ric 1=0 019 


grade is the equivalent of 12 per cent for the women and of 9 pei cent f oi 
the men These figuies agree fairly well with those of DuBois ^ (7 2 
per cent for each degree Fahrenheit, 13 per cent for each degree centi- 
grade) 

THE VALUE OF BASAL PULSE COMPLEX 

For an experimental tiial of the three foimulas, a retabulation was 
made of the basal metabolism deteimmations on 55 men and 120 women 
These determinations weie selected to secuie a wide spiead of basal 
rates and included only cases in which two successive basal lates diffeied 
by less than 5 per cent The con elation of the lower basal rate with 
each of the foimulas and with pulse rate X pulse pressure is given in 

7 DuBois, E T Basal Metabolism in Health and Disease, ed 2, Phila- 
delphia, Lea & Febiger, 1927, p 389 
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table 8 A scatter diagram of the agieement of basal pulse complex 
^Mth basal rate is given in chart 1 It will be noted that 15 of 18 women 
having a basal pulse complex of + 15 per cent or more have a 
basal rate of + 15 per cent or more, and two of the remaining 3 have 
a basal rate of -f- 10 per cent + 14 per cent Four of 5 women having 
a pulse complex of — 15 per cent or less also have a basal rate of 15 
per cent or less This indicates a high degree of validity for the basal 
pulse complex in the diagnosis of disoiders of metabolism 

Despite the ciicular reasoning involved in the use of a measure 
developed from its agreement with basal metabolism as a check on 
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Chart 1 — Scatter diagram showing agreement of basal pulse complex with 
basal rate 

basal metabolism determinations, I am of the opinion that there is 
a definite place in clinical diagnosis foi the use of such a measure as 
the pi ediction formula of Read or the basal pulse complex devised here 
The impoitance of pulse rate and pulse piessuie in the diagnosis of 
th} rotoxicosis and of myxedema is generally recognized The value of 
these should be decidedly inci eased if rule of thumb methods aie aban- 
doned in favor of determination of basal pulse rate and basal pulse 
piessure and satisfactor}!- formulas are applied 

It should be recognized that such a foimula cannot be legarded as 
a substitute for basal metabolism deteimmation, unless under conditions 
in vliich the latter cannot be secured It should be lecognized that basal 
pulse complex is not to be given equal clinical weight with basal metab- 
olism NeAertheless, as a confirmatoiy measuie, particularly in the 
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diagnosis of doubtful cases, and in following the couise of disease, it 
recommends itself to seiious consideiation Chait 2 illustrates the 
couise of basal metabolism and basal pulse complex in a patient with 
thyioid disease This patient was tieated with compound solution of 



Chart 2 — Course of basal metabolism and basal pulse complex m a man with 
diffuse hj'perplastic goiter with severe Iwpertlwroidism 
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Chart 3 — Basal pulse complex plotted against basal metabolic rale in the case 
of a man with diffuse hyperplastic goiter with severe hyperthyioidism 


iodine and subjected to thyioidectomy with good lesults It will be 
observed that while basal pulse complex does not deviate as fai in eithei 
direction in this extieme case as basal metabolic late, yet the parallelism 
of the two is almost peifect This is peihaps moie cleaily demonstrated 
in chart 3 In chart 3 the line of dots approaches a straight line, mdi- 








Table 6 — Basal Pulse Complex tn Men 
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eating a veiy close coi i espondence between basal late and basal pulse 
complex Chait 3 suggests that basal pulse complex gams gieatei 
validity as an individualized measuie for following a particulai patient 
Read’s foi inula gives a piediction that is t}pically about 10 pei 
cent liighei than the basal pulse complex of noimal subjects This dif- 
ference IS pel haps associated with the low level of metabolism obtained 
m the metabolism laboratoiies at the Umveisit}- of Chicago Read’s 
foimula also tends to emphasize deviation moie than the basal pulse 
complex All that I am able to state legaiding the lelative meiits of 
the two are that the basal pulse complex is based on a much largei 
senes and fits that senes better than Read’s foimula It is possible that 
it vill be somewhat lov oi somewhat high for othei laboi atones 

Tables 6 and 7 aie conveniently aiianged foi the detei mination of 
basal pulse complex Aftei locating the pulse late column and the pulse 
piessuie low, one direct!} leads oft the basal pulse complex at the junc- 

Table 8 — Co) 1 clatwn of Vaiiotts Ptcdtciion Foniuilas zuitli Basal Rale 
(One Hundted and Tzveniy Women) 


Basal pulse complex basal rate 

Read's lormuln with basal rate 

Pulse rate x pulse pressure with basal rate 


Basal metabolic rate 
Basal pulse complex 
Read’s formula 
Pulse rate x pulse pressure 


r = 0 73 ± 0 020 
r = 0 G4 ± 0 030 
r = 0 CS ± 0 033 

Mean Standard Deviation 

J- 4 3S7o 22 1% 

+ 3 04% 13 1% 

+17 3S% 20 4% 

-41 0 22 4 


tion of the two With these tables, 62 basal pulse complex detei mi- 
nations weie made on 14 apparently noimal umveisih fieshmen The 
mean talue obtained was — 13 pei cent and the standaid deviation 6 77 
per cent (piobable eiror =±4 56 per cent) This mean seems veiy 
low, but one must lemembei that the mean basal metabolic late simul- 
taneously taken foi this senes was — 5 5 pei cent and the standaid devi- 
ation was 9 2 per cent (piobable error = ±6 2 per cent) The dififei- 
ence in the two means is 7 5 per cent This may be in pait accounted 
for bv the fact that the senes is veiy shoit, and the size of the standard 
deviation of basal metabolic rate suggests that the sampling is eiiatic 
A second possible contributing factor is the fact that in these cases the 
pulse w^as taken dunng the actual test, while m the clinic senes it was 
taken toward the end of the half hour rest period Piobably the most 
impoitant factor, however, is that in the clinic senes the poition of 
pel sons with a slight tachycaidia of neivous ongm is almost ceitainly 
higher than in noimal fieshmen, since it is these cases that excite the 
suspicion of hyperthyroidism Foi differential diagnosis of such cases 
a formula based on clinic matenal in which the} aie well lepiesented 
should be of greater value than one based on a tiuly noimal population 
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It should be noted in closing that if basal pulse complex is compared 
with any othei basal metabolism standard than the Aub-DuBois, allow- 
ance for difference in the level of the metabolism standards should be 
made in a manner pi eviously outlined ® 

CONCLUSIONS 

Formulas and tables are heie piesented foi the calculation of a basal 
pulse complex which is comparable with the basal metabolism of adults 

This measuie should be of value as a piocedure supplemental y and 
confirmatory to basal metabolism deteimination in the diagnosis of 
metabolic disease 

8 Jenkins, R L Basal Metabolism I The Error of Basal Metabolism 
Determination and the Normal Range of Basal Metabolism, Arch Int Med , this 
issue, p 181 



THE RANGE OF EFFECTIVE IODINE DOSAGE IN 
EXOPHTHALMIC GOITER 

IV THE EFFECT ON BASAL METABOLISM OF THE DAILY ADMINISTRA 
TION OF ABOUT 0 75 MG OF IODINE * 

WILLARD OWEN THOMPSON, MD 

AND 

PHEBE IC THOMPSON, MD 

CHICAGO 

AND 

ARCHIBALD C COHEN, AB 

BOSTON 

We have previously shown that in Boston the daily administiation 
of about 6 mg of iodine in the form of the compound solution produces 
a maximum reduction in basal metabolism in most hospital patients with 
exophthalmic goiter/ and that the dail}'’ administration of about 3 mg 
produces on the average onl}^ half as much reduction - and the daily 
administiation of about 1 5 mg on the aveiage only one-third as much 
reduction ® As a continuation of our study of the range of eftective 
iodine dosage m exophthalmic goiter we have now investigated the 
effect of the daily administiation of about 0 75 mg of iodine m twelve 
unselected hospital patients with the disease 

METHOD AND RESULTS 

Method — ^The same routine was followed as with the hospital 
patients in the first paper of this senes/ except that 1 diop of a 12 5 per 

" Submitted for publication, April 21, 1931 
From the Metabolism Laboratory and Thyroid Clinic of the Massachusetts 
General Hospital, Boston This paper was written after the first two authors had 
started work at the Rush Medical College and the Presbyterian Hospital, Chicago 

1 Thompson, W O , Brailey, A G , Ihompson, P K, and Thorp, E G 
The Range of Effective Iodine Dosage in Exophthalmic Goiter I The Effect on 
Basal Metabolism of Rest and of the Daily Administration of One Drop of Com- 
pound Solution of Iodine, Arch Int Med 45 261 (Feb ) 1930 

2 Thompson, W O , Thorp, E G , Thompson, P K, and Cohen, A C 
The Range of Effective Iodine Dosage in Exophthalmic Goiter II The Effect on 
Basal Metabolism of the Daily Administration of One-Half Drop of Compound 
Solution of Iodine, Arch Int Med 45 420 (March) 1930 

3 Thompson, W O , Cohen, A C , Thompson, P K , Thorp, E G , and 
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of Results to Date, Arch Int Med 45 430 (March) 1930 
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II The patient suffered from aeute tonsillitis with fever from the fourth day before starting iodine until the fifth 
day afterward 

# The patient worried about the operation 
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cent compound solution of iodine (about 0 75 mg of iodine)^ was 
administered daily in the metabolism laboratoiy instead of 1 drop of 
the undiluted solution It should be emphasized that the administration 
of iodine was not begun until the basal metabolism had reached a sta- 
tionary level during rest 

Results — The data are recorded in tables 1 and 2 It may be seen 
that four of the twelve patients at rest in bed showed a reduction in 
basal metabolism of fiom 11 to 19 points during the daily administration 
of about 0 75 mg of iodine in the form of the compound solution, six 
showed no change, and two showed an increase The average basal 
metabolic rate shortly after admission was plus 53 per cent, after a 
period of rest, it was plus 39 per cent, after reaching a level duiing the 
daily administration of about 0 75 mg of iodine, it was plus 35 per cent, 
and on larger doses administered immediately afterward, it was plus 
17 per cent The corresponding figures for the four cases in which the 
basal metabolic rate dropped 10 or more points were plus 51, plus 35, 
plus 22 and plus 14 per cent, respectively (table 1) 

It IS of some interest that the drop in basal metabolism from rest 
in bed alone was almost exactly the same in all four series of hospital 
patients (the 6 mg 3 mg ,^15 mg ® and 0 75 mg series) 

Various types of response to the administiation of 0 75 mg daily 
are recorded in chaits 1 to 6 

Time Requited foi Maximum Reduction in Basal Metabolism — In 
the four patients who showed a reduction of more than 10 points, the 
maximum drop occurred in fiom two to seven days (from five to six 
days on the average) The average daily drop in basal metabolism in 
these four patients was from 2 3 to 2 8 points In the nine patients 
who showed a reduction in basal metabolism of 10 or more points during 
the administration of large doses immediately after the small dose, the 
lowest level appeared in from three to twelve days, or in an average 
of seven days from the time the large dose was started, i e , in the 
same time that is required for the basal metabolism to drop to its lowest 
level when large doses are given initially 

COMPARISON OF EFFECTS OF THE VARIOUS DOSES OF IODINE 
USED IN THE FOUR SERIES OF HOSPITAL PATIENTS 

In charts 7 and 8 and in table 3 we have compared the eftects on 
basal metabolism of administering about 6 mg 3 mg ,“15 mg ® and 
0 75 mg of iodine daily to four series of hospital patients The per- 

4 Owing to the rough method of measurement, the amount of iodine recorded 
as being contained in 1 drop of a 12 5 per cent compound solution of iodine is 
approximate, although it w^as always measured in the same way, using a dropper 
of the same size The iodine w'as kept in a glass-stoppered bottle 



Fig 1 (Mr P G, lab no 6746) — The greatest reduction in basal metabolism 
observed during the daily administration of 0 75 mg of iodine In this and subse- 
quent charts, the arrow denotes subtotal th\ roidectomy 



Fig 2 (Mrs M G, lab no 6956) — Slight reduction in the basal metabolic rate 
•during the daily administration of 0 75 mg of iodine, and no further reduction during 
the immediate subsequent administration of much larger doses 
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centage approach towaid the average noimal le-\el of metabolism that 
occurred during the dail}^ admmistiation of 3 mg , 1 5 mg and 0 75 mg 
IS roughly seven-twelfths, foui -twelfths and two-twelfths, i espectively, 
of that which occurred during the daily admmistiation of 6 mg 
(table 3) , 1 e , if the percentage approach toward normal be plotted 
against the daily dose of iodine, the points roughly fall on a straight 
line (chart 9) 

From table 3 it may be seen that the 1 5 mg series is the only one 
in which the results were definite enough to say that the small dose 
interfered with the effect of the large dose given immediately afteiwaid 
This phenomenon was so consistent m this senes that it seems to have 

Table 3 — Compauson of the Effects on Basal Metabohsm of the Daily Admints- 
tiatwn of About 6, 3, 1 5 and 0 75 mg of Iodine to Hospital Patients 
with Evophthalmic Goitei 
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* Three cases in n’liicli large doses viere not given are not considered in this table Their 
omission does not alter the figures for the small dose appreciably (Thompson, Brailej, 
Ihompson and Thorp [footnote 1, table 1]) 


been more than a coincidence The data peihaps suggest that a similar 
phenomenon occui i ed in the 3 mg sei les - but this does not appeal to 
haie been the case in the 0 75 mg series We are unable to offei any 
more satisfactoiy explanation foi this difference than that already gnen 
111 the thud papei of this series,® in which ceitam aspects of the effects 
of these foui doses aie compared m more detail 


COMMENT 

The changes obseived in the basal metabolism duiing the daily admin- 
istration of 0 75 mg of iodine weie so small that it is somewhat ques- 
tionable -whether they -were caused by rest or by the iodine However, 
since the metabohsm did not diop in most cases during the daily 
administration of 0 75 mg it appears that in most instances we had 
either seemed a maximum effect from lest before this dose was started, 
or else the dail} administration of 0 75 mg prevented a further drop 





Fig 3 (!Mr C F, lab no 6752) — Slight reduction m basal metabolic rate 
during the daily administration of 0 75 mg of iodine followed by a slight further 
reduction during the administration of much larger doses 



Fig 4 (Mr E B , lab no 6994) — No reduction m basal metabolic rate during 
the daily administration of 0 75 mg of iodine, followed by a well marked reduction 
during the administration of much larger doses 
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from lest alone In an} case, the i espouse was so small m those that 
showed a i eduction in basal metabolism on this dose that it is impossible 
with piesent methods to measuie any slight reduction that might occa- 
sionally occui during the administration of a still smaller dose 

It may now be said that whereas the minimum amount of iodine that 
will produce a maximum reduction in basal metabolism in most cases 
of exophthalmic goiter in Boston is about 6 mg daily, the smallest dose 
that will produce any reduction is a little greater than 0 75 mg per day 
m about two thirds of the cases, and is probably not very much less 
than 0 75 mg in the othei third .Therefore, the lange of effective 
iodine dosage m the majority of cases of exophthalmic goiter in Boston 
lies roughty between 0 75 and 6 mg per day Since the average reduc- 
tion of the seven cases of the 6 mg series that showed the smallest 
response ® is greater than the average for the seven of the 1 5 mg series 
that lesponded, and since the average reduction of the four cases of the 
6 mg series that showed the smallest response is greater than the 
average for the four of the 0 75 mg senes that responded, the minimum 
dose of iodine that will produce a maximum reduction in basal metabo- 
lism is probably rarely as low as 1 5 mg per day It may occasional!) 
be as low as this, however, in spite of the presence of a considerable 
amount of palpable thyioid tissue® 

While the minimum dose that will produce a maximum reduction 
111 basal metabolism and the smallest dose that will produce any effect 
1 ary from case to case, it is uncertain whether one is usually large when 
the other is large and small when the other is small or whether the 
magnitude of the spread m effective dosage varies maikedly from case 
to case It is also unceitain what the greatest minimum dose is that 
IS ever necessary to pioduce a maximum reduction in basal metabolism 
It IS sometimes greater than 6 mg daily " Moreo^ er, we wish to stress 
once again that this dose is not lecommended m the loutine treatment 
for the disease 

THE WEIGHT OE THE THYROID GLAND 

The data lecorded in the first thiee papers of this series and sum- 
marized in the third paper ® suggested that the amount of iodine neces- 


5 Throughout this study a response has arbitrarih been assumed to be a 
reduction of 10 or more points m the basal metabolic rate 

6 Thompson, Cohen, Thompson, Thorp and Brailey (footnote 3, table 3, 
case 5272) 

7 Thompson, Brailey, Thompson and Thorp (footnote 1 charts 5 6 9 and 10) 
Thompson, W O , and Thompson, P K Exophthalmic Goiter The Development 
of Refractoriness to Iodine, Arch Int Med 48 1 (Sept) 1931, cases 4822 and 
5168 




Fig 5 (Mrs G H, lab no 1340) — Increase m basal metabolic rate and in the 
severity of the signs and symptoms of exophthalmic goiter during the daily adminis- 
tration of 0 75 mg of iodine, followed by a decrease in both factors during the 
immediate subsequent administration of much larger doses 



Fig 6 (Mr G C, lab no 6711) — A slight increase m the basal metabolic rate 
and in the seventy of signs and symptoms of exophthalmic goiter during the daily 
administration of 0 75 mg of iodine, followed by a decrease in both factors during 
the immediate subsequent administration of much larger doses 
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saiy to produce a maximum reduction in basal metabolism varied with 
the weight of the thyroid gland The data in this papei peihaps serve 
to emphasize this point The glands, on the whole, were not large, the 
a^elage weight of those weighed being onl} 47 Gm , }et the average 
lesponse in these paiticulai cases was only 4 points (from plus 35 to 
plus 31 per cent) Using the same method of calculation as in the third 
paper of the senes,® these thyioid glands would have contained on 
the basis of the figures of Mai me and Lenhart,® about 11 mg of iodine 
before medication was started and about 29 mg after iodine was admin- 
istered — a diffeience of 18 mg , on the basis of the figures from the 
Mayo Clinic (Wilson and Kendall® and Wen ^®), about 9 and 24 mg, 
respectively — a difteience of 15 mg, and on the basis of Cattell’s 
figuies, about 20 and 40 mg , lespectively — a difiteience of 20 mg In 
the average time requiied foi the response to 1 5 mg daily to become 
maximum (i e, from fi\e to six days), not moie than 4 5 mg of 
iodine would ha\e been supplied to the patients, a totall} inadequate 
amount to cause a maximum storage of colloid This perhaps explains 
not only the veiy slight a\erage lesponse, but also the small amount 
of 1 eduction in basal metabolism m those ^\ho did respond For con- 
\enience, table 6 of the thud papei “ has been brought up to date in 
table 4 

A comparison of the amount of iodine available for the storage 
of colloid on the four doses used, with the effect of these doses on the 
basal metabolism, suggests a lough paiallelism between the two 
(table 5 and chart 10) Thus it appears that the peicentage approach 
of the basal metabolism towaid the normal level the daily dose of iodine 
nithin the limits of 0 75 and 6 mg and the amount of iodine available 
for the storage of colloid on doses within these limits aie loughl} pro- 
poitional to one anothei 

It was pointed out m the thud paper® that the slower late of i educ- 
tion 111 the basal metabolism during the daily admmistiatioii of 1 5 and 

8 Marine, D , and Lenhart, C H Pathological Anatomv of Exophthalmic 
Goiter The Anatomical and Physiological Relations of the Th 3 T 0 id Gland to the 
Disease, Treatment, Arch Int Iiled 8 265 (Sept) 1911 

9 Wilson, L B , and Kendall, E C The Relationship of the Pathological 
Histologj' and the lodm Compounds of the Human Ilwroid, Am J M Sc 178 
79, 1916 

10 Weir, J F The Thjroxin and Tryptophane Content of the Diseased 
Thyroid Gland, and the lodin Compounds in Desiccated Thjroid, Am J M Sc 
169 860, 1925 

11 Cattell, R B The Patholog 3 " of Exophthalmic Goitre A Histological 
and Chemical Stud^ of the Changes Following the Administration of lodm (Lugol’s 
Solution), Boston Ivl & S J 192 989, 1925 
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Fig 7 — The percentage of patients who responded to each dose of iodine 



Fig 8 — A comparison of the effects on basal metabolism of the daily administra- 
tion of 6, 3, 15 and 0 75 mg of iodine, respectively, to four series of hospital 
patients In each case the first point is the average of the basal metabolisms shortly 
after admission, the second point is the average of the levels to which the metabolism 
fell from rest alone , the third point is the average of the levels to which the metab- 
olism fell during the administration of small doses, and the fourth point is the 
average of the levels dm mg the immediate subsequent administration of larger 
doses (usually about 250 mg daily) Only those cases are considered m which tlie 
effect of larger doses was noted The points are arbitrarily connected by cur\ed 
lines, as these denote the true course of the basal metabolism more nearly than 
straight lines 
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3 mg of iodine did not peisist for a long enough time foi the eftect 
to equal that of administering 6 mg daily In other words, supplying 
42 mg of iodine in fourteen da 5 ’-s will laiely have as much effect as 
supplying 42 mg in seven days, the aveiage rate that will produce a 
maximum reduction in basal metabolism m most cases of exophthalmic 
goiter in Boston It thus appeals that iodine must be supplied to the 
thyroid gland at a certain minimum rate m ordei for the maximum 
effect to occui 

Table 5 — The Relation Betzveen the Peicentage Appioach of the Basal Metabolism 
Tozvaid the Noimal Level and the Amount of Iodine Available foi 

Sloiage of Colloid* 


Approximate Percentage Which 


Daily 
Dose of 
Iodine, 

Mg 

Xumber of 
Cases 

Average 
Theoretical 
Amount of 
Iodine 

Necessary for 
Maximum 
Storage of 
Colloid, t 

Mg 

Amount of 
Iodine 

Administered m 
Average Time 
Required for 
Maximum 
Reduction in 
Basal Metabolic 
Rate, Mg 

the Amouht of 
Iodine 

Administered 
Forms of the 
Amount 
Necessary for 
Maximum 
Storage of 
Colloid 

Percentage 
Approach of 
Basal 
Metabolic 
Bate 

Toward the 
Normal 
Level 

6 

S 

42 

42 

100 

05 

3 

12 

29 

21 

72 

28 

15 

11 

21 

75 

34 

21 

0 75 

8 

IS 

4 5 

25 

11 


* This table applies only to cases m which the thyroid glands were weighed Thus the 
figures m the last column are slightly different from those in the correspondmg column of 
table 3 

t The iodine content of the thyroid after medication minus the iodine content before 
medication was started In obtaining these figures, the amounts estimated from the figures 
of Marine and Lcnhart, the Mayo Clinic and Cattell in table 4 were a\eraged 


PATIENTS SHOWING A RISE IN BASAL METABOLISM DURING THE 
ADMINISTRATION OF SlilALL DOSES OF IODINE, FOLLOWED BY A 
DROP DURING THE IMMEDIATE SUBSEQUENT ADMINISTRA- 
TION OF LARGE DOSES 

There were five cases that showed an increase m basal metabolism 
during the administration of from 0 75 to 3 mg of iodine daily, followed 
by a decrease during the immediate subsequent admimstiation of much 
larger doses (table 6) In view of the level to which the basal metabo- 
lism fell during rest, the drop on all doses m these five cases was only 
16 points (from plus 44 to plus 28 per cent), i e , only about half as 
much as would be expected from initially giving large doses Con- 
sidering only the drop that occurred during the admimstiation of large 
doses, it was fairly well marked (from plus 60 to plus 28 per cent), 
although the approach toward normal was less than that noted in 
initially giving 6 mg daily to the first senes of hospital patients In 
these cases, therefoie, the small dose did in some way pi event the 
patient from receiving the maximum benefit from iodine Since this 
occurred m 10 per cent of the cases in the 3 mg - 1 5 mg ^ and 0 75 mg 
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Fig 9 — -The relation between the dose of iodine and the percentage approach of 
the basal metabolism toward the normal level 



Fig 10 — The relation between the percentage approach of the basal metabolism 
toward the normal level and the amount of iodine available for storage of colloid 
(see table 5) 
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senes, since the use on small doses was pieceded b} a drop with lest 
and was followed by a drop during the administration of large doses 
given immediately afteiward, and since all these changes occuiied in 
so shoit a time, it can scaicely be legaided as a coincidence that the 
basal metabolism lose dm mg the administration of small doses The 
data in this paper thus serve to suppoit a conclusion pieviously i cached, 
VIZ , that in a certain proportion of cases the reaction to iodine is a 
leversible one In such cases it appears that if the amount of iodine 
admimsteied is inadequate to nutate the change in the thyroid gland that 
IS associated with a reduction m basal metabolism, it is utilized to 


Table 6 — Pahents Shoxvmg a Rise vi Basal Metabolism Dming the Adimmsti ation 
of Small Doses of Iodine, Followed by a Diop Dining the Immediate 
Subsequent Adimmsti ation of Latge Doses 


Patient 

Laboratory 

Xumber 

Basal 
Metabolic 
Rate on 
Aclmis 
Sion 

Mrs G H 

1340 

-fCO 

Mr G 0 

0711 

+3S 

Mrs M S 

CoSo 

+9S 

Mr T B 

0135 

+32 

Mr J B 

0204 

+48 

Average 


-f07 



liCvel to 

Level to 



Which 

Which 



Basal 

Basal 



Metabolic 

Metabolic 

ApproM 


Rate Rose 

Rate Dropped 

mate 

Lev'el ot 

During 

During 

Sire of 

Basal 

Adminis- 

Adinmis 

Small 

Metabolic 

tration of 

tration of 

Dose of 

Rate 

Small 

Large 

Iodine, 

During 

Doses of 

Doses of 

Mg 

Rest 

Iodine 

Iodine 

Daily 

+48 

-^00 

+33 

0 75 

+40 

-i-48 

+15 

0 75 

+00 

J-CS 

+44 

1 50 

t25 

-r52 

+27 

3 00 

+47 

-70 

+23 

3 00 

+44 

tCO 

+28 



increase the output of the thyroid secretion, wheieas if it is adequate to 
initiate this change, the output is diminished 

We wish to emphasize once again that the conclusions here reached 
can at present be said to apply only to the place from which the patients 
came, \ iz , Boston and vicinity 


SUMMARY 

Dm mg the daily administration of about 0 75 mg of iodine in the 
form of the compound solution to twelve unselected hospital patients 
with exophthalmic goiter, four showed a reduction in basal metabolism 
of from 11 to 19 points, six showed no change and two showed an 
increase 

Whereas only 33 pei cent of the patients showed a reduction in 
basal metabolism of 10 points or moie dming the daily administration 
of 0 75 mg , 50 per cent showed a reduction during the daily adimmsti a- 
tion of 1 5 mg. 65 per cent dming the daily adimmsti ation of 3 mg, 
and 88 per cent during the daily adim lustration of 6 mg 
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The administration of about 0 75 mg a day caused an average 
reduction m basal metabolism of 4 points (from plus 39 to plus 35 pei 
cent) as compared vrith 9 points (from plus 43 to plus 34 per cent) 
for 1 5 mg, 14 points (from plus 40 to plus 26 pei cent) foi 3 mg, 
and 27 points (from plus 36 to plus 19 per cent) for 6 mg 

Whereas the minimum amount of iodine that will produce a maxi- 
mum reduction in basal metabolism in most hospital patients with 
exophthalmic goiter in Boston is about 6 mg per day, the smallest 
amount that will produce any effect is greater than 0 75 mg per day 
m about two thirds of the cases, and is probably not much less than 
0 75 mg per day in the other third 

Within these limits of dosage there appears to be roughly a linear 
relationship between the percentage approach of the basal metabolism 
toward the normal level and the dose of iodine 

It also appears that within these limits of dosage the reduction in 
basal metabolism is roughly proportional to the amount of iodine 
available for the storage of colloid 

In five of forty-six patients who received from 0 75 to 3 mg of 
iodine daily, the reaction to iodine appeared to be reversible , i e , the 
basal metabolism rose during the administration of the smalPdoseand fell 
during the immediate subsequent administration of a much larger dose 
Iodine must be supplied to the thyroid gland at a certain minimum 
late in order for the maximum effect to occur 



CINCHOPHEN POISONING 


AN ATTEMPT TO PRODUCE TOXIC CIRRHOSIS OP THE 
LIVER IN RATS 

HERBERT S REICHLE, MD 

CLEVELAND 

In a pievious papei ^ two cases of toxic cirihosis weie described that 
were observed clinically and examined at autopsy in the Cleveland City 
Hospital Repoits of many cases have since then appealed in the 
literatuie, cinchophen and its allies may now be regarded as drugs of 
consideiable potential toxicity Nevertheless, it lemains true that 
cinchophen is used extensively without any apparent ill effects It is, 
therefore, of considerable impoitance that the mechanism of the diug’s 
toxic action be explained 

EXPERIMENTS 

Adult albino rats weie used m these experiments They were fed 
dried whole milk, whole wheat flour, calcium carbonate, sodium chlo- 
iide (Sherman’s diet B) and weekly additions of meat and greens In 
many of the rats infections of the upper and lower respiratory tracts 
developed, such as purulent bronchitis, pneumonia with atelectasis and 
disease of the middle ear, which were found with equal frequency 
among the controls 

The lethal dose of a single parenteral administration of cinchophen 
was first determined Four rats weighing about 300 Gm were given 
subcutaneously from 1 to 2 Gm per kilogram of body weight of a 
suspension of the drug in acacia All the animals died within twenty- 
four hours and exhibited profound disturbances of the central nervous 
system, such as hstlessness, interference with the pieservation of 
equilibrium and generalized convulsions, a tremendous diuresis and 
severe dyspnea Microscopic examination of the organs, however, did 
not permit these symptoms to be ascribed to any specific toxic effect 
The slides showed uniformly a poor staining quality of the tissue and 
extreme degeneration of the parenchyma of the liver, kidney and 
spleen The neciotic cells exhibited a peculiar ciicumnuclear edema 
The lymphatic tissue everywhere appeared to be depleted of cells 

Submitted for publication, June 22, 1931 

From the Institute of Pathology and the Department of Pediatrics, Western 
Reserve University 

1 Reichle, H S Toxic Cirrhosis of Liver Due to Cinchophen, Arch Int 
Med 44-281 (Aug) 1929 
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These lesults aie asciibed to a veiy gross foim of poisoning, piobably 
due to the acidit} of the drug 

In the second expeiiment, the dosage of the drug was reduced and 
only from 0 2 to 0 5 Gm per kilogram of weight was administeied 
in the same mannei The injections weie repeated daily foi eight days 
Dyspnea and diuresis weie again obseived The animals lost weight, 
their fur was luffled and disorganized, and the penis piojected from 
the prepuce However, theie weie no specific changes, the paienchym- 
atous organs weie m a state of severe cloud} swelling but the 
nuclei were well piesened The h\er, it is tiue, showed many focal 
necioses, circular areas that stained a unifoim pink and that contained 
densel}- staining nuclei, apparentl> belonging to cells of the leticulo- 
endothehal system Little impoitance is attached to these changes, 
since they aie found in man} toxic conditions in the lat, and paiticularl} 
because rat 7, which ^^as killed seventeen da}s aftei the last injection, 
had a normal histologic stiuctuie of the hvei In no case was theie 
any evidence of connective tissue piohferation EMdentl}, theiefoie, 
the changes obseived in the lats killed during the course of the injec- 
tions had been lepaiied b}'- a restitutio ad integium The stiikmg 
feature of the toxic ciiihosis caused b} cinchophen is the mcapacit} of 
the oigan to lestoie its paienchyma Theie aie destiuction ot paien- 
chyma, proliferation of connective tissue and disoigamzation of the 
natuial aichitecture The seveie natuie of the hepatic injuiy has 
lecently been well desciibed b} Bea\ei and Robeitson- 

A subsequent attempt to develop specific damage by the use of the 
lowest dose (0 2 Gm pei kilogiam) ovei a longei period of time 
(thiiteen injections) also failed Again d}spnea was obseived, theie 
were peiiods of excitement and even collaj^se occuiied immediately 
after an injection Aftei the last dose the experimental lats showed 
great uneasiness, the respiiations were deep and panting, the gait was 
a w^abble, and the head and anteiioi extiemities w^eie diagged along 
the flooi The animals sought the coineis of then cages Micro- 
scopic examination, howevei again levealed nothing but the changes 
already described 

The pai enteral admmistiation of the diug haMiig failed, the enteral 
loute was next tried on the chance that the drug might by this path 
exert its full toxic action diiecth and immediatel} on the hvei Fol- 
lowing a suggestion of Di Paul Klemperer of Mount Smai Hospital. 
New' Yoik, this oigan W'as first depiived of its stole of gl} cogen, since 

2 Beaver, D C , and Robertson, H E The Specific Character of Toxic 
Cirrhosis as Obser^ed in Cinchophen Poisoning, Proc Staff Aleet, Maj'O Clin 
6 216, 1931 
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many lesearches (Fischler ") have shown the nnpoitance of carbohydiate 
111 the protection of the liver against toxic agents of many different 
types The lats weie staived foi five days A contiol rat killed at 
this time demonstrated that all glycogen that can be obtained by hot 
alkaline exti action fiom the fresh liver had been removed The 
animals, whose weights vaiied fiom 165 to 210 Gm , weie given 20 
mg of cinchophen by mouth three times on the first day, and theie- 
aftei 4 mg twice a day foi ten days A second peiiod of staivation 
of twenty-foui horns was followed by two days on which 60 mg was 
administered each day, and fiom then on 10 mg was given twice 
dail} The drug was administeied suspended m olive oil The animals 
weie killed at the close of the expeiiment, aftei having taken 1,380 
mg each in seventy-two days The lesults of histologic examination 
were entirely negative In one rat uiemia developed on the thirty- 
thud day (aftei the admimstiation of 576 mg of cinchophen) 
Autopsy revealed an extiaoidinaiy degeneiation of the cortical portion 
of the kidneys, the glomeiuli had laigely disappeaied and were leplaced 
by fibious masses, which were in pait calcified The livei showed no 
changes that could not be consideied a pait of the uremic toxicosis 
This was the onl} case of severe chionic organic disease not due to 
infection that was encounteied Accoiding to Jafte,^ such renal 
degenerative disease occtiis m the lat under laboiatoiy conditions and 
IS of unknown etiolog} A second expeiiment of the same type as the 
piecedmg one, m which foui lats weie given 880 mg of cinchophen 
pel os m thiit}-one doses, and thiee lats the same amount of neo- 
cinchophen, resulted in nothing moie than a seveie cloudy swelling of 
the livei Neocmchophen was added in this experiment to determine 
whether this estei of cinchophen, which is legaided as entiiely innocu- 
ous, might not possess the same toxic piopeities as cinchophen 

Furthei expeiiments followed the principle of a double hepatic 
injuiy The livei of the expeimiental rat was mjuied wuth chloio- 
foim, and cinchophen was then administeied pei os In one expeii- 
ment the chloiofoim was given by inhalation to complete naicosis on 
four successive days Seven lats weie then given 20 mg of cmcho- 
phen three times a day foi twelve days At autopsy no gioss changes 
weie seen Unfortunately, the specimens weie lost, so no micioscopic 

3 Fischler, F Ueber Probleme des Kohlenhydratstoffwechsels mit beson- 
derer Berucksichtigung der Rolle der Leber, Deutsche med Wchnschr 55 605, 
1929 , Zur Chemie und zur thera^eutischen Wirkung des Traubenzuckers, Munchen 
med Wchnschr 75 1541, 1928, Traubenzucker als Therapeutikum, ibid 76 791 
1929 

4 Jaffe, R Anatomic und Pathologic der Spontanerkrankungen der klemen 
Laboratonumstiere, Berlin, Julius Springer, 1931 
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report can be given In the second experiment of this type, the chloro- 
foim was given subcutaneously m solution with olive oil It was 
found that this method was the least dangeious and the most accurate 
m dosage The animals appealed to suffer no pain and weie quite 
drowsy A total of from 0 33 to 0 75 Gm of chloiofoim was given 
in three days Postmortem examination of one animal which had 
received 0 57 Gm m foui days showed the piesence of a large fatty, 
hemorrhagic, friable liver The remaining rats were then given 300 
mg of cinchophen in ten days and were killed five days after the last 
dose Histologic examination revealed no pathologic changes of 
importance These experiments show that, at least in the rat, it is not 
possible, by the ordinary methods, to reproduce the toxic cirrhosis char- 
acteristic of cinchophen poisoning 

In a previous article ^ I stated “that there is little doubt but that 
natural idiosynciasy may be of importance It is also thought 

that idiosyncrasy may be artificially induced Worster-Drought’s ^ 
patient, after having taken 370 grains in twelve days developed urti- 
caria, which disappeaied when the medication was stopped One dose 
of 7 5 grains administered three weeks subsequently brought on urti- 
caria, gastro-intestinal disturbance and jaundice, which lasted ten 
days ” Evans,® Anderson and Teter ^ and Barron ® reported the same 
experience Barron’s case showed a particularly exquisite manifesta- 
tion of hypersensitiveness which occurred in a patient who had had 
previous medication with cinchophen Immediately following the 
renewal of the drug a severe reaction occurred, which repeated itself 
on a third attempt to use cinchophen Ban on called attention to the 
patient described by Boots and Miller who reacted adversely to the 
first administration of cinchophen Schwann ® used atophanyl, a cincho- 
phen preparation for intravenous use He observed severe prostration 
after the first injection in one patient There were anginal pains, vaso- 
motor disturbances, unconsciousness, cyanosis and profuse sweating 
In another case the untoward reaction was seen after the thud injec- 
tion The patient became restless, and a chill, angioneui otic edema of 
the face and severe urticaria developed It is true that not all 
cases show these classic symptoms, nor is the course always char- 

5 Worster-Drought, C Atophan Poisoning, Brit M J 1 148 (Jan 27) 

1923 

6 Evans, Geoffrey Discussion, Brit M J 2 689 (Oct 16) 1926 

7 Anderson, S D , and Teter, D P Acute Yellow Atrophy of the Liver 
Following Administration of Oxvl Iodide, J A M A 93 93 (July 13) 1929 

8 Barron, M Cinchophen Poisoning, J A M A 82 2010 (June 21) 1924 

9 Schvann, W Unerwunschte Atophanwirkung , Klin Wchnschr 3 935, 

1924 
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acteiistic Theie are probably several difterent reasons foi this The 
diug IS often continued long after the toxic symptoms have manifested 
themselves (as m ni}'' own cases ^ 1 and 2) Again, not always do all 
of the most striking symptoms of hypersensitiveness appear There 
aie, moreover, two types of sensitivity In the one, the patient is 
primarily sensitive (Boots and Miller’s case, cited by Barron®), m 
the other, the sensitivity is probably acquired, (Worster-Drought ®) 

It IS particularly the lattei type that is most interesting, since it shows 
a close relationship of this sensitivity to others which, because of the 
theiapeutic importance of the drugs involved, have been more closely 
studied The reactions to arsphenamine and sensitivity to niivanol 
(phenyl-ethyl-hydantom) aie examples 

Nirvanol, which was orgmally used as a sedative and hypnotic, 
was abandoned because of the rashes that frequently followed its use 
The German pediatricians obseived a umfoimity m the couise of the 
lash due to niivanol, or, more properly, the sickness due to this medi- 
cation In a large percentage of the patients who weie treated with 
this drug a severe morbilliform eruption occuried fiom the seventh to 
fourteenth day of administiation Following this reaction, the patients 
(the condition was chorea) showed remarkable improvement Since 
then these observations have been verified by many investigators A 
discussion of the results is given in the paper by Pilcher and Gersten- 
berger It is important to note that the rash is only the external, 
and not a necessary, manifestation of a general reaction of the body 
to the drug This is characteiized by fever and changes m the metab- 
olism, which are independent of the pyrexia (Beck^^), relative and 
absolute lymphocytosis and eosmophilia 

It appears that the reaction to cmchophen is probably of the same 
type The symptoms aie strikingly allergic a lash, often uiticarial, 
edema, vasomotor changes, sweating, disturbance of the oxygen 
exchange and vomiting The free interval, the frequency of “safe” 
previous medication, the appearance of the symptoms after the diug 
has been stopped, which reminds one of serum sickness, the lack of 
premonitory symptoms and the acuteness of the onset are suggestive 
of a hypersensitive state The toxicity does not depend on dosage 
Some of the patients received small amounts, others large doses over 
long periods of time In all cases the onset is relatively acute It is 
beyond the scope of this report to enter into a discussion of the nature 
of this sensitivity In my opinion, the reactions fall into the lealm 

10 Pilcher, J D , and Gerstenberger, H J Treatment of Chorea with Phenyl- 
Ethyl-Hydantoin, Am J Dis Child 40 1239 (Dec ) 1930 

11 Beck, O Ueber Veranderungen des kmdhchen Stoffwechsels bei Nirvanol- 
Zufuhr Monatschr f Kmderh 45 486, 1930 
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of the anaphylactoid (Hanzhk and Karsner ^-) Karsnei ^ enumerated 
the following s>inptoms “inci eased leflex excitability, lapid lespiration 
and d}spnea, sneezing, retching, jeik} spasms, slowing oi acceleration 
of the heart trembling, expulsion of uiine, cyanosis, pupillary lelax- 
ation, comulsions and death with large doses — all of which have also 
been described in cases of cinchophen poisoning Some of these symp- 
toms were obseived by me in the course of the parenteial adminis- 
tration of the diug to rats With animals moie susceptible to 
allergic manifestations it might have been possible to obtain moie con- 
"\mcing evidence It is also possible that cinchophen poisoning is pre- 
cipitated by a leaction of various antibodies with this nonantigenic 
compound, as Landsteinei has proved foi metanilic acid, paia- 
aisenilic acid and /)-amino benzoic acid Following this thought, we 
ma} perhaps conceive of a similai mechanism by which the drug com- 
bines with a piotein of the subject to foim a complex compound of 
piotein and nonpiotein ladicals As Landsteinei has shown, the non- 
pi otein radicals can react with the immune seium of animals treated 
with the entile compound and of themselves satin ate the specific anti- 
bod) Pei haps in vivo the} might cause such h}pei sensitive conditions 
as aie obseived in phenyl-ethvl-lndantoin and cinchophen poisonings 

CONCLUSIONS 

Subcutaneous administiation of cinchophen in single doses of 1 
Gm pel kilogiam of bodi weight killed lats within twent}-foui houis 
Continued parenteial administiation of smallei doses (0 2 Gm pei 
kilogiam) did not cause death but aftei the last two injections, the 
lats displa}ed s>mptoms that mav possibl} be regaided as expiessions 
of h}persensitiveness. Feeding of cinchophen in doses of ajiproxi- 
mately 20 mg a da} to rats when the livers had been depleted of 
gh cogen b} starvation oi injuied Ija chloiofoim did not induce cii- 
ihosis No chaiactenstic changes in the histologic appeal ance of the 
oigans were found on postmortem examination 

A leview of the histones of cases of leaction to cinchojdien sug- 
gests that its cause may be found eithei in a natural hypersensitiveness 
01 in the decelopment of a h} persensitive state 

12 Hanzlik, P J , and Karsner, H T Anaphylactoid Phenomena from Intra- 
^enous Administration of Various Colloids, Arsenicals and Other Agents, J 
Pharmacol &. Exper Therap 14 379 (Jan) 1920, Effect of Various Colloids and 
Other Agents Which Produce Anaphylactoid Phenomena on Bronchi of Perfused 
Lungs, ibid 14 449 (Feb ) 1920 

la Karsner, H T Anaphylaxis and Anaphylactoid Reactions, m Jordan, 
E O , and Falk, I S The Newer Knowledge of Bacteriology^ and Immunologri' 
Clncago Unnersity of Chicago Press, 1928 p 985 

14 Landstemer, K Biochem Ztschr 93 106, 1919 104 280, 1920 



BLOOD SUGAR IN MAN FOLLOWING THE 
RECTAL ADMINISTRATION 
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The dextiose letention enema is such a common clinical pioceduie, 
and the impiession that consideiable amounts of dextiose aie absoihed 
aftei lectal administration is so well established in spite of the conflict- 
ing natuie of the expeiimental data submitted in evidence that we 
consideied the pioblem woithy of fuithei investigation 

Clendening ^ lecommended such enemas, quoting Edsall to the 
eftect that nine tenths of the caibohjdiate injected is “taken up by the 
rectum” Sollmann - stated that dextiose is “absoihed eftectuely from 
nutiient enemas ” Lutje tieated diabetic acidosis by lectal injections of 
sugai, and Joshn noted that as long ago as 1904, Ainheim lepoited that 
acetonuiia of diabetic patients was diminished aftei the lectal admini- 
stiation of sugai solutions Talleiman'* lepoited an ele\ation of the 
blood sugar cuive in some of his cases Caipentei ^ stated that the 
absoiption may be as much as 90 pei cent of tlie dextiose admimsteied 
Vaiela and Rulimo lepoited glycostiiia in seven of se\enteen cases 
following the administiation of a sugai solution by means of a lectal 
di ip Hai 1 and von Halasz ' approached the pi oblem thi ough a stud) 
of the lespiratoiy gases and lepoited a use of the lespiiaton quotient 
aftei lectal administiation of (dextrose Caipentei repoited similai 
lesLilts, but both he and Piessman'* warned against accepting a use 
111 the lespiiatoiy quotient as necessaiily indicating that a consideiable 
amount of sugai has been absoihed 

Submitted for publication. May 12, 1931 

' From the Department of Pli>siology, Columbia University 
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Levi ^ seems to believe that the rectal administration of dextrose 
IS of little practical value Mekie and Miller^® found no consistent 
change in blood sugar value Fianke and Wagner reported vary- 
ing results with three dogs Pressman, and Rubino and Varela^® 
reported a drop in the blood sugai curve 

The amount of dextrose returned in the stools after the enemas 
have been retained for some time has been investigated by many 
observers Pressman ® reported about 25 per cent recovered after four 
hours McNealy and Willems were able to recover about 98 pei 
cent from the colon of dogs after one hour Varela and Rubino ® 
recovered about 60 pei cent Various percentages are reported by 
other authors, and while there appears to be no agreement as to the 
actual amount that may be recovered after a definite period, all who 
have investigated this aspect of the problem have reported substantial 
returns 

That the bacterial flora of the large bowel plays no inconsiderable 
part in the problem has been shown by Bmgel (quoted by Pressman®), 
who was able to cause the disappearance of about 30 per cent of the 
sugai by incubating it with feces for five hours Piessman® himself 
leported the loss of 90 per cent after seven hours’ incubation 

The great diversity of results that appear is undoubtedly bound 
up with the widely differing material and methods that have been used 
m attacking the problem The subjects have been sick men, well men, 
anesthetized men, men who had just recovered from an operation and 
anesthetized dogs The sugar solutions have been administered as 
drip or retention enemas, and in the latter event the volume injected 
has varied from 180 to 600 cc , while the concentration has been almost 
anything from an isotonic to a 50 per cent solution In few instances 
IS any specific mention made of the 'brand of dextrose used The 
methods employed for the determination of the blood sugar have 
varied widely Finally, in spite of the rather voluminous literatuie on 
the subjects, there has been only a comparatively small number of 
actual cases reported 

In the belief that a significant noim would be of value not only 
in foiming an opinion but as an aid to future voik, we have approached 
the problem from a statistical standpoint We felt that there was noth- 
ing in the previous work to prove that a small constant deviation in 
the blood sugar curve might not have been overlooked Our approach 
has been physiologic rather than clinical We wish to emphasize that 

9 Levi, D Bnt J Surg 15 282, 1927 

10 Mekie, E, and Miller, H Bnt M J 1 244 (Feb 9) 1929 

11 Franke, W , and Wagner, R J J Metab Research 6 375, 1924 

12 Rubino and Varela Kim Wchnschr 1 2370, 1922 

13 McNeah, R W, and Willems, J D Surg Gvnec &. Obst 19 794, 1929 
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we are concerned pnmaiily with the blood sugar cuive as such, and 
to point out that variations in that curve, or the lack of them, or vaii- 
ations in the lespiratory quotient, cannot be definitely correlated with 
the absorption of specific amounts of sugar 

According to one of us (Dr Scott our first few lesults showed 
such a deviation as to indicate that at least fifty cases would have to be 
studied befoie a definite conclusion would be wan anted 

EXPERIMENTAL DATA 

Our subjects were health}', first year medical students They reported to the 
laboratory after a twelve hour fast and were given a preliminary enema of 200 cc 
of warm tap water This was passed at once, and the blood sugar concentration 
during fasting was determined The subjects were then given solutions of 
dextrose of varying concentrations by rectum, which they retained for two or 
three hours At the end of this time the enemas were returned, and their sugar 


Table 1 — Blood Sugai pei Hwidied Cubic Centnneteis at Vaiying Pei tods Aftci 
the Administration of 200 Cc of 10 Pei Cent Dextrose Solution by Rectum 


Body 








Stool 

Weight, 








Return, 

Pounds 

Pasting 

%Hr 

1 Hr 

l%Hr 

2 Hr 

2V^ Hr 

3 Hr 

Gm 

155 

114 

102 

113 


121 


100 


170 

118 

117 

110 

107 

122 

117 

122 

17 


106 

103 


108 

113 


114 


150 

104 

105 

gg 


106 

111 


28 

115 

118 

101 

90 

94 

112 

100 


60 

145 

114 

gg 

94 

97 

97 

97 



184 

114 

111 

107 

106 

107 

110 


20 

140 

103 

95 

91 

96 

99 

93 


52 

185 

111 

105 

105 

103 

98 

103 


5 3 

Averages 

111 

104 

101 

102 

108 

105 

112 



content was found by a modification of the Benedict quantitative method for 
determining urinary sugar About one half of the subjects were given additional 
enemas of tap water at the close of the experiment to wash out the rectum, but 
these showed no significant increase in the amount of dextrose returned over 
that obtained from those in whom this process was omitted During the time the 
enema was retained, samples of blood were drawn from veins in the arm at 
specified intervals and their sugar content determined by the method of Shatter and 
Hartmann IS The sugar values vere calculated from the tablets of Duggan and 
one of us (Dr Scott) The determinations were made in duplicate, the values 
reported being the averages of the duplicate determinations The blank spaces 
on the charts represent points at which, for various reasons, such as marked 
disagreement between two tubes or difficulties in the class schedules of the student 
subjects, the figures could not be obtained About 10 per cent of the subjects 
reclined on a bed during the entire period of the experiment, the remainder went 
about the building to their classes, returning at stated intervals for the withdrawal 
of samples of blood 


14 Scott, E L J Biol Chem 73 81, 1927 

15 Shaffer, P A , and Hartmann, A F J Biol Chem 45 365 (Jan ) 1921 

16 Duggan, W F , and Scott, E L J Biol Chem 67 287, 1926 
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We attempted to use moderately high concentrations in a few cases These 
solutions caused so much discomfort, such as pain, urgent desire to defecate and 
nausea, that we were forced to abandon them in favor of more dilute solutions 
Four hundred cubic centimeters of a 10 per cent solution could be retained without 
much annoyance 

To each of a group of four subjects, 200 cc of 10 per cent dextrose solution 
was gnen by mouth The blood sugar curve for this group showed the usual 



Chart 1 — Graph of the results of the administration of 200 cc of 10 per cent 
dextrose per rectum 



Chart 2 — Graph of the results of the administration of 400 cc of 10 per cent 
dextrose per rectum 

alimentary rise at the end of thirty minutes and one hour Three subjects were 
given 180 cc of 15 per cent solution by rectum, and no significant deviation from 
the fasting level was noted in their blood sugar curves over a period of two and 
one-half hours Three subjects, who were given 180 cc of 30 per cent dextrose 
solution, were unable to retain the enema longer than half an hour At that time, 
their blood showed no significant change m its sugar level Nine subjects were 
giv en 200 c of a 10 per cent dextrose solution bj rectum The arithmetical means 
for this group show a drop of 10 mg per cent at one hour (table 1, chart 1) In 
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view of the small number m this senes and the relatively large deviations, we 
do not consider that at present a definite significance can be attached to this drop 
Fifty subjects were given 400 cc of a 10 per cent solution of dextrose by 
rectum (table 2, chart 2) The arithmetical mean for this group shows a gradual 


Table 2 — Blood Stigai Aftci the Administiation of 400 Cc of 10 pci Cent 

Dc\tiose Solution bv Rectum 


Bodv 







Stool 

WelLlit, 







Return, 

Pounds 

Pasting 

% Hr 

IHr 

It* Hr 

2 Hr 

21/2 Hr 

Gm 

r)5 

103 

102 

96 

93 

97 

94 

11 1 

160 

107 

91 

97 

90 

94 

108 

5 0 

140 

92 

103 

99 

98 

105 

102 

99 

IdO 

110 

103 

110 

97 

97 

99 

8 0 

124 

97 

87 

99 

94 

94 

93 

10 1 

ISO 

IIS 

113 

118 


115 


19 0 


19.2 

117 

116 


121 


21 0 

141 

125 

116 





3 5 

125 

107 

99 

95 


103 


21 0 


117 

119 

120 


119 


18 0 




105 


105 


86 

148 

107 

110 

105 


103 


15 0 


125 

137 

123 


110 


10 0 

160 

110 

114 

101 


109 


18 0 

155 

123 

IIS 

125 


118 


210 

110 

S6 

S7 

84 


84 


17 0 

165 

124 

110 

105 


105 


19 0 

lo J 

101 

105 

104 


99 


80 

170 

110 

107 

108 


108 


13 0 

140 

102 

97 

102 

92 

99 

103 

32 0 

160 

101 


107 

lOS 

108 

no 

30 

105 

100 

108 

96 

105 

93 

104 

15 0 

ISO 

123 

113 

123 

117 

113 

112 

18 0 

125 

119 

123 

119 

114 

113 

115 


ISO 

IIS 

117 

108 

109 

102 

103 

17 0 

145 

110 

102 

103 

102 

113 

102 

90 

ISO 

130 

117 

118 

118 

no 

111 

1 0 

134 

135 

128 

118 

113 

no 

121 

13 0 

190 

120 

115 

115 

110 

114 

119 

15 0 

113 

155 

120 

90 

100 

105 

135 

00 

135 

106 

106 

103 

108 

112 

109 

22 0 

160 

124 

118 

112 

121 

121 

120 

20 

ISO 

111 

75 

119 

115 


no 

19 0 

155 

128 

131 

125 

121 

120 

125 

11 0 

13S 

105 

109 

113 

108 

108 

104 

4 7 

140 

IIS 

115 

112 

107 

107 

114 

1 8 

135 

107 

07 

109 

99 

107 

105 

2 0 

139 


108 

100 

101 

101 

100 

08 

155 

103 

99 

108 

97 


98 

■> 7 

162 

107 

112 

102 

105 


98 

14 0 

105 

117 

110 


114 

112 



138 

103 

105 

102 

100 

100 

100 

80 

200 

106 

99 

102 

104 

108 

107 

10 2 

145 

104 

107 

102 

102 

102 

97 

71 

155 

119 

118 

124 

109 

124 

124 

15 8 

180 

106 


98 

99 

109 

104 

15 8 

160 

119 

109 

110 

105 

112 

104 

18 0 

147 

110 

112 

107 

90 

105 

103 

19 5 

147 

107 

99 

103 

105 

99 

101 

5 3 

135 

125 

110 

102 

103 

104 

113 

98 

Isumber of 

de 







terminations 48 

47 

48 

30 

46 

35 

48 

Average 

113 0 

108 9 

107 8 

105 5 

107 3 

107 4 


e* 

13 8 

11 5 

04 

SO 

80 

92 


Cm* 

1 7 

1 7 

1 3 

1 3 

1 3 

18 



* Scott (footnote 14) 


fall in the blood sugar curve, the lowest point is reached one and one-half hours 
after the administration of the dextrose This point is 7 5 mg per hundred 
cubic centimeters below the fasting level The values for are, however, of 
such an order that we cannot say that the drop is definitely significant 
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The figures for the dextrose in the returned enemas are highl) 
variable, it is worthy of note, however, that in thiity-one of fifty-foui 
cases, one quarter or more of the administered dextrose was leturned, 
and in five instances, over one-half was returned 

The sugar that was not recovered in the stools may possibly have 
risen higher in the large bowel because of antiperistalsis or for some 
other reason, there to be retained for a slow absorption, partial destruc- 
tion by fermentation or a later return A certain amount may have 
entered the blood stream at a rate too slow to elevate the blood sugai 
concentration significantly The drop in the curve, if in fact there is 
an actual drop, might be taken to indicate that there has been absorption 
of an amount sufficient to stimulate the outpouring of insulin 

CONCLUSIONS 

1 It has not been possible to demonstrate a rise in the blood sugar 
curve as a result of admmistenng dextrose m letention enemas 

2 The slight drop that our curves show may be due to a stimulation 
of pancreatic activity brought about by the absorption of a slight amount 
of dextrose, or, more probably, to chance variation 

3 A variable and frequently considerable amount of dextrose 
administered by enema may be recovered from the stools after two and 
one-half hours 



VISCEROCARDIAC REFLEXES 
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The unpiession that visceial excitation may pioduce reflex alteration 
of cardiac activity is lapidly gaming ground m the clinical liteiatuie 
Occasionally, even the death of the patient has been attiibuted to such 
a reflex disturbance Of all the viscera that may influence the heart 
reflexly, the gallbladdei and the biliar} passages ha\e been most sus- 
pected Osier ^ and Albutt - cited instances in which patients died 
during gallstone colic and ascribed the death to reflex vagal inhibition 
Others^ have commented on the relation of cardiac anhythmia to 
gallstone colic Several writers ^ have reported a series of cases show- 
ing that myocarditis and cholecystitis are so frequent!} associated that 
some meaning for the association probably exists Babcock,^ Mayo,*’ 
Strauss and Hamburger" have reported cases of cardiac disoiders m 
which improvement occurred after operation was peifoimed on the 
biliary tract 

That cardiac irregularities may be induced reflexly from visceral 
excitation is supported by certain experimental evidence The well 
known Goltz experiment, m which tapping of the viscera m the frog 

^ Submitted for publication. May 11, 1931 

"^This investigation has been aided by a grant from the Josiah Macy, Jr 
Foundation 
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causes leflex slowing of the heait, is the oldest evidence bearing on 
this question More recently Cailson and Luckhaidt® stated as a 
result of then expeiiments that “in the fiog stimulation of the lungs 
the gastro-intestinal tiact and genito-ui mar}- tiact causes reflex cardiac 
inhibition In curaiized piepaiations the leflex fails owing to vagus 
paralysis ” This is approximately true for the salamander But in the 
turtle stimulation of the laige and small intestine, the urinaiy bladdei 
and the cloaca in noncuraiized animals causes chiefly an acceleration 
of the heart rate with a rise m blood piessure In discussing the symp- 
toms produced by distention of the gallbladdei and biliaiy ducts in 
dogs, Schrager and Ivy leported that changes m blood piessuie and 
heart rate are caused, which, howevei, aie not unifoim They expressed 
the belief that the reaction of the cai diovasculai system to distention 
of the biliary passages is dependent on the functional state of the 
cardiovasculai system at the time the distention occurs 

Buchbinder has i epoi ted some interesting experiments in the 
flog m regard to the effects of incision of the gallbladdei on cardiac 
activity He obseived that simple incision of the gallbladdei in the 
frog causes a transient arrest of the heart, lasting fiom one to ten 
seconds, followed by a sinus biadycaidia lasting fiom one to ten 
minutes Occasional!}, he obseived dilatation and peimanent aiiest 
These effects were attributed to a reflex vagus inhibition due to the 
acute change in pressuie in the biliary tiact incident to the incision of 
the gallbladder 

Because of the impoitant clinical aspect of this experimental woik, 
ue decided to repeat it and to attempt a fuithei anal} sis of the expeii- 
ments Foi example, in Buchbmdei’s experiment, the spillage of bile 
into the peritoneal cavit} might play a role in the causation of the 
phenomenon he obseived He thought of this possibility, but dis- 
credited it by the statement that f log’s bile in the amounts piesent in 
the gallbladdei is innocuous for the heart Theiefore, in oui experi- 
ments we have given paiticulai attention to the spillage of bile and 
intestinal contents 


EXPERIMENTAL RESULTS 

Since our expeiiments were peifoimed on 130 fiogs and 10 dogs, 
it IS impracticable to give the protocols oi details of the expeiiments 
AVe shall merely summarize the lesults of the different groups of experi- 
ments 


8 Carlson, A J , and Luckhardt, A B Am J Phj^siol 55 31, 1921 

9 Schrager, A'' L , and 1^0% A C Surg , Gvnec & Obst 47 1928 

10 Buchbinder, W C Proc Soc Exper Biol Med 27 542, 1930, Experi- 

mental Obstructive Jaundice, Arch Int Med 42 743 (Nov ) 1928 
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The lesults in the fiogs weie umfoim nndei ceitain conditions 
It was found that in oidei to obtain visceiocaidiac leflexes in the fiog. 
It must not be anesthetized and must be fully lecovered from the shock 
incident to decerebiation, the leflexes being obtained best in intact fiogs, 
and then only in about one half of the frogs used All fiogs weie 
anesthetized duimg the opeiative pioceduies of deceiebration, spinal 
pithing, demedullation and exposure of visceia foi stimulation, but 
in eveiy instance sufficient time was allowed foi the efifect of shock 
and anesthesia to pass away The obseivations of Cailson and Luck- 
haidt® on the caidio-mhibitoiy effect of traction, pinching the 
abdominal and pelvic viscera m the fiog, weie confirmed No effect 
was obseived unless the medullocardiac leflex mechanisms lemained 
intact 

Nmety-mne of the expeiiments on fiogs weie diiected to a study 
of stimulation of the gallbladdei and spillage of bile It was found 
that incision of the gallbladdei in the deceiebiate or intact frog caused 
caidiac inhibition umfoimh and sometimes peimanent (one-half hour) 
cardiac airest, which confiimed the obseivations of Buchbindei If 
pressure was exeited on the gallbladder oi biliaiy tract aiea oi if they 
were pinched, caidiac inhibition did not lesult Howevei, if this pro- 
ceduie was earned out so that ti action was exerted on the hvei oi 
portal elements, cardiac inhibition would sometimes lesult Also, if 
the bile was withdiawn by syiinge and needle oi pi evented fiom spill- 
ing into or excluded fiom the peritoneal cavity, no caidiac inhibition 
would lesult Furthei, if the cystic duct was caiefulh tied and the 
gallbladder with its bile caiefulh lemoved, inhibition would not occui 
When the excised gallliladdei containing bile was incised so that the 
bile spilled into the uppei peiitoneal cavity, cardiac inhibition occui led 
Or, if bile was withdiawn fiom the gallbladder into a syringe and then 
slowly ejected from the syiinge on to the abdominal visceia, the heart 
was inhibited The inhibition of the heait following the contact of 
from 01 to 0 3 cc of bile with the peiitoneum was not due to the 
fact that the bile spiead upwaid and bathed the heait, since this can 
easily be prevented m most fiogs The diiect application of fiog’s 
bile (fiom 0 1 to 0 3 cc ) to the heait oi to the pehic peiitoneum or the 
injection of bile into the doisal l}mph sac in the lecoveied deceiebiate 
frog causes no alteiation m the caidiac rhythm It was noted that the 
intensity of the effect depended to a certain extent on the chaiactei 
of the bile The darker, moie concentrated bile had a moie maiked 
effect There was also a quantitative relationship between the amount 
of bile leleased into the peiitoneal cavity and the type and duiation of the 
effect It was noted that small quantities of less concentiated bile pio- 
duced an initial acceleiation of the heait rate and m two instances this 
was the only effect A second application of bile to the same aiea of the 
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peritoneal cavity of the recovered decerebiate frog caused no furthei 
change in the cardiac ihythm in the presence of the peisisting brad}- 
caidia In most instances the presence of an intact medullocardiac 
lefiex mechanism was necessary for the effect, but inhibition occuiied 
m three of fifteen experiments The cardiac inhibition caused by spill- 
age of bile into the peritoneal cavity is more marked and uniform 
than that caused by tapping, pinching or stretching the abdominal vis- 
cera, and makes a striking classroom demonstration In view of these 
observations, we attribute the effects of incision of the gallbladdei on 
the heart rate in the frog to spillage of bile into the peritoneal cavity 
The presence of bile in the peritoneal cavity chemically instead of 
mechanically excites a reflex mechanism that lesults in caidiac inhibi- 
tion, bradycardia or ariest 

In SIX frogs the gallbladder was cannulated, and the gallbladdei 
and biliar}^ passages weie distended In four no change in the heait 
was noted, in one the late was slightly decreased, and in one the rate 
was definitely accelerated 

The effect of dog’s gallbladder bile and hepatic bile in the uppei 
peritoneal cavity of unanesthetized dogs on the cardiac rhythm and the 
blood pressure was studied in five animals Blood pressure tracings 
were made on unanesthetized dogs with previously exteiiorized carotid 
arteries simultaneously with the introduction of the bile (from 
25 to 50 cc ) b} means of a hollow needle and syringe into the upper 
peritoneal cavity A slight rise in blood pressure and an acceleiation 
in cardiac and respiratoiy rates weie the only effects noted m these 
experiments 

In five othei dogs the effect of distention of the extrahepatic ducts 
was studied The cystic duct was cannulated aftei ligation of the 
common duct, and the carotid artery on one side was exteriorized 
The cannulated duct was connected to a rubber tube that was bi ought 
to the outside thiough the abdominal incision The next day, blood 
pressure tracings were made of the unanesthetized dogs, and the effect 
of distending the ducts with air was noted In one dog the initial 
distention of the ducts caused a marked slowing of the lespiratoiy and 
cardiac lates In the othei dogs no definite unifoim effect was 
obtained 

COMMENT 

The results of the experiments on the frog show decisively that the 
chemical and mechanical stimulation of most abdominal visceia m the 
frog may reflexly excite the cardio-mhibitory mechanism We were 
somewhat surprised and disappointed to find that mechanical stimula- 
tion and even distention of the frog’s gallbladder and biliary passages 
had no effect on the cardiac rhythm analogous to that sometimes obsei ved 
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when a similai stimulus was applied to the stomach oi the intestines 
It is worth}^ of note that ti action on the hvei or portal elements some- 
times had an inhibitoiy eftect, howevei, because of the close anatomic 
relationship of the hvei to the heait this is difficult to interpiet, 
although it was not obseived to occur in demedullated fiogs 

The interesting obseivation of Buchbindei on cardiac inhibition 
following incision of the gallbladder is due, as our results show, to local 
chemical irritation by the bile of neive endings m the peritoneum or sui- 
roundmg organs which leflexly excites the cardio-mhibitory mechanism 
The failure to obtain caidiac inhibition in the dog when bile was injected 
into the peiitoneal cavity (we obseived acceleration) shows that the 
viscerocardiac leflex mechanisms are different fiom those of the frog, 
Cailson and Luckhardt ® found this to be the case in the tuitle 

The lesults on distention of the biliary passages of the dog confiim 
but are not so striking as those of Schragei and Ivy,^ who observed 
extrasystoles m one dog The effect on the heart and blood pressuie is 
not uniform Either inhibition or acceleration of the heart may result 
The best explanation of this vaiiation is that suggested by Schrager and 
Ivy, namely, ‘ that the i eaction of the cai dio-vascular system to dis- 
tention of the biliaiy passages is dependent on the functional condition 
of the caidio-vasculai system at the time the distention occurs” The 
effect of distention of the biliary passages in the frog was even less 
effective than in the dog In the cat a rise in blood pressure (pam^) 
occurs on distention of the common bile duct without a decided change 
in the heart rate 

The experimental evidence does not indicate positively the existence 
of a direct leflex connection between the biliary passages and the cardiac 
activity, since a definite distuibance of the heait on stimulation of the 
biliaiy tract is the exception lathei than the lule It must be kept in 
mind, however, that m the experiments pei formed on dogs and fiogs up 
to the present time, only noimal mechanisms have been excited pie- 
sumably Wheieas the patients considered in this discussion have a 
pathologic condition of the biliary tract and, in some instances at least, 
an abnormal heart and possibly m all cases a functionally “abnormal” 
or “iriitable ’ heait Experiments are yet to be done on animals with an 
abnormal condition of the biliary tract and heart Also, the caidiac 
disturbances associated with disease of the biliaiy tiact or visceral dis- 
ease in general may not be due primarily or dnectly to a viscerocardiac 
mechanism but secondarily to the cardiocirculatory changes known to 
be caused by nausea, vomiting, pain and respiratoiy distuibances Of 

11 Sherrington, C S Integrative Action of the Nervous System, New Haven, 
Yale Unnersity Press, 1920, p 11 
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couise, man may possess a diiect or moie sensitive viscerocardiac 
mechanism , this is not likely, since all patients with pathologic conditions 
of the biliaiy tiact oi othei visceia do not manifest cardiac abnormalities 

CONCLUSIONS 

The obseivations of Carlson and Luckhaidt ® on the cardio-mhibitoiy 
effect of mechanical stimulation of the abdominal and pelvic viscera and 
on the leflex mechanism concerned in this effect have been confirmed. 

The gallbladder and biliary passages may be pinched and stretched 
without causing a change in the caidiac ihythm of frogs that show 
cardiac inhibition on mechanical stimulation of othei abdominal viscera 
The distention of the biliaiy passages in the fiog usually causes no change 
m the lieait, although either slight slowing or acceleration m late 
occasionally ma}^ be obseived 

The incision of the gallbladder of the fiog so that bile is spilled into 
the uppei abdominal cavity without coming in contact with the heait 
causes caidiac inhibition, which is due to a leflex inhibition of the heait 
caused by the iriitant action of bile on the peiitoneum and not to the , 
toxic action of bile on the heait Bile introduced into the upper poition 
of the peritoneal cavity of the dog causes acceleration of the heait 
instead of inhibition 

The observations of Schrager and Ivy on the effect of distention of 
the biliary passages m the ''noimal” dog have been confirmed essen- 
tially, a slowing of cardiac late being obseived m one of five dogs and 
no definite oi umfoim effect being obseived m the others 

The bearing of these lesults on the alleged association of disease 
of the biliaiy tiact with cardiac abnoimahties m man is briefly dis- 
cussed 


> 



EXPERIMENTAL STUDIES ON THE EFFECT OF 
SECTION OF THE VAGUS NERVE ON 
GASTRIC SECRETION^ 

JULIUS FRIEDENWALD, MD 

AND 

MAURICE FELDMAN, MD 

BALTIMORE 

Much interest has been manifested in recent years concerning the 
effect of section of the vagus nerve on the functions of the stomach 
This procedure has been performed expei imentally in animals and is 
now frequently recommended in gastric surgery m the treatment for 
peptic ulcer It is commonly reported that there is a decrease m the 
gastric acidity after section of this nerve following subtotal gastiectomy 
Considerable literature on this subject has accumulated in recent years 
« It may be said in general that most observers have noted *a decrease in 
the gastric secretion following vagus section It, however, appears 
from the hteiature that in the laiger proportion of these experiments 
the observations have been followed only for a short period of time 
What the results might have been after prolonged observations of these 
animals has up to the present not been clearly established 

McCrea^ investigated this subject most intensively from the expei i- 
mental standpoint He concluded that the commonly accepted view 
that the left vagus is distributed to the anterior surface of the stomach 
and the light to the posterior is incorrect, as each supplies fibers to both 
surfaces The vagus nerve possesses both accelerator and inhibitor 
fibers, but is largely accelerator in its function He pointed out that 
resection of both vagi in the neck proves fatal, while section of one 
vagus or one splanchnic nerve is without effect McCrea further 
asserted that vagal section results in dilatation, diminished tonus, 
decreased peiistalsis and delayed emptying of the stomach Splanchnic 
section, on the other hand, has the reverse effect The section of all 
nerves gives results similar but somewhat less marked than vagal 
section alone According to this observer, these results are not per- 
manent, but following a period of time the tonus is lestored, and 
peristalsis becomes normal He considered it doubtful whether any 
actual permanent influence, either on secretion oi on aciditj , is produced 

* Submitted for publication. May 4, 1931 

* From the Gastro-Enterological Clinic of the Department of Medicine, Univer- 
sit\ of Maryland 

1 AIcCrea, E D’A Bnt J Surg 13 621 (April) 1926 
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Psychic and leflex secietion disappeais on vagal section, and although 
the secietoiy curve is alteied, acid juice still continues to he secieted 

Attention maj be diiected to other experimental work on the 
1 esection of the vagi lecorded by vaiious obseiveis Loienzi repoited 
his lesults of 1 esection of these neives, either in the neck oi below the 
diaphiagin in labbits He noted that heinonhages were frequently 
pi oduced in the mucous membrane of the stomach, and that in some 
instances hemorrhagic ei osioiis developed Saitta ^ was able to pi oduce 
multiple ulcers in ceitain labbits following bilateral vagotomy aftei the 
administiation of a 3 pei cent solution of muriatic acid Yzeran 
severed both vagi below the diaphragm in twenty labbits and succeeded 
in producing chronic ulceis in the pyloric legion of the stomach in ten 
In 1906, Cannon^ obseived as a lesult of seveiing the vagi bilateially 
below the oiigin of the recuiient laryngeal neive, a distuibance of the 
motor function of the stomach, at fiist, but recovery occurred within 
a few daj^s 

Ophuls'* resected both vagi below the diaphiagm and produced 
gastric ulceration in six of eighteen labbits in twenty-four days He 
observed but slight changes in the gastiic secretion In Auei’s experi- 
ments in which both neives weie lesected in the necic m rabbits, death 
quickly ensued By seveiing both neives below the diaphragm, gastiic 
ulcers weie pi oduced in some instances Poitis and Poitis® produced 
a true achylia by means of a subtotal gastrectomy ni dogs Whether 
this was due, however, to lemoval of a nerve center located at the 
incisura is consideied doubtful Hughson ® observed a diminution in 
the normal emptying time of the stomach in dogs following resection 
of the vagus neives Klein reported his lesults in eight cases of 
duodenal ulceration associated with marked hyperaciditj^ m which 
paitial gastrectomy was perfoiined In but one quartei of these cases 
could an anacid state be obtained In eight cases, however, m which in 
addition section of the left vagus was peifoimed, anacidity occuired 
in all Hartzell observed that following section of the vagus nerve in 

2 Lorenzi Rassegna de sc med 8 313, 1893 

3 Saitta Gaz d osp 21 599, 1900 X' 

4 Yzeran Ztschr f klin Med 43 181, 1901 

5 Cannon Am J Physiol 17 429, 1906-1907 

6 Ophuls J Exper Med 8 181, 1906 

7 Auer Am J Pnjsiol 25 334, 1909-1910 

8 Portis, B , and Portis, S A Effect of Subtotal Gastrectomy on Gastric 
Secretion Experimental Study by Aid of Pavlov Pouch m Dogs, JAMA 
86 836 (March 20) 1926 

9 Hughson, W Effect of Vagus Neurotomy on Pyloric Sphincter Experi- 
mental Study, JAMA 88 1072 (April 2) 1927 

10 Klein, E Ann Surg 90 65, 1929 

11 Hartzell, J B Am J Physiol 91 161, 1929 
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the neck, changes in the gastiic secietion occuiied in the form of a 
reduction of both free hydiochloiic acid and total acidity In those 
animals, however, in which the blanches of the vagus were sectioned 
in the abdomen a normal secietion of free hydiochlonc acid was occa- 
sionall}^ noted 

Burkle-de-la Camp was able to bung about, by means of sub- 
cutaneous injections of histamine, a flow of gastric juice of such high 
acidity as to produce peptic ulcerations in lats This occurred even 
following division of both vagi Pieii and Tanferna performed in 
SIX of nine peisons with lecuiiing ulcers, supradiaphi agmatic resection 
of the left vagus, while in the other three bilateral lesection was made 
under the diaphragm He observed a loweimg of the hydrochloric 
acid and of the jDepsin Later, however, both the hj'^di ochlonc acid 
and pepsin content rose steadily and in some instances regained and 
even exceeded the previous figures Thompson likewise found that 
bilateral vagotomy lowered the gastric secretion in the pylorectomized 
stomach of the dog He also pointed out, on the other hand, the fact 
that following this operation meals of ordinary size may contain suffi- 
cient protein to neutralize all of the hydrochloiic acid that the fundus 
IS capable of secieting 

Winkelstein called attention to the eftect of vagus section m 
establishing a i eduction in the gastnc acidity following partial gastrec- 
tom)'- for tilcei Berg likewise reported his results following the 
division of the left pneumogastric nerve, which he pei forms legularl)'^ 
in all patients who have high acidities prior to subtotal gastrectomy 
m the treatment for ulcei He found that these patients become 
anacid in from two weeks to several months following section of the 
left vagus nerve 

EXPERIMENTAL WORK 

As considerable doubt still remains as to the permanent effect of 
vagal section on gastric secretion, it was consideied of sufficient impor- 
tance to investigate this problem furthei This woik was greatly 
facilitated by the operative aid given us by Dr Alfied Ullman and 
Dr Ferdinand A Ries 

Twenty-two dogs were utilized m these experiments Healthy adult 
dogs of medium size were selected for the purpose Psychic influences 
were eliminated as far as possible by allowing the dogs to become 
familiar with their laboratorji- environment for some time Repeated 

12 Burkle-de-Ia Camp Deutsche Ztschr f Chir 220 31 1929 

13 Fieri, G, and Tanferna, U Riforma med 46 323, 1930 

14 Thompson Proc Staff Meet , Mayo Clin 5 88, 1930 

15 Winkelstein, A Am J Surg 7 494, 1929 

16 Berg, A A Ann Surg 92 340, 1930 
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ciiicilyscs wGi c made befoie operation to accustom the animals to the 
use of the tube The following methods of obtaining the gastric con- 
tents were utilized 

1 Fifty cubic centimeteis of 7 per cent solution of alcohol was 
intioduced into the fasting stomach thiough a tube, and the contents 
weie exti acted in forty minutes 

2 One and a half milhgiams of histamine (ergamine acid phos- 
phate) was injected subcutaneously during the fasting state, and the 



Fig 1 — Drawing illustrating the distribution of the main gastric branches ot 
the left vagus nerve The nerve was severed at the three points indicated by the 
black cross-line A indicates the heart, B, the cut surface of the left lung, C, the 
hepatic branch, D, the anterior nerve, E, the lesser curvature of the liver, F, 
the omentum minus, G, the left vagus nerve, H, the aortae, thoracalis , I, the 
gastric secretion in a dog in which the vagus nerve was severed below the dia- 
phragm , L, anterior gastric branches, and M, the stomach 

contents of the stomach weie extracted m thirty minutes Weekly or 
biweekly extractions were performed regularly oiFeach animal 

These secretions were examined for free hydrochloric acid and total 
acidity according to the usual method The utilization of test meals 
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containing food as is ordinal ily piacticed foi obtaining gastric contents 
has been found unsatisfactoiy in animals whereas the alcohol and 
histamine stimulation has pioved to be far moie trustworthy 

Aftei the normal findings were definitely established, the vagus neive 
was seveied, as will be later described Fiequent gastric analyses weie 
again perfoimed, and the lesults compaied with those obtained fiom the 
1101 mal animal It was deemed best in ordei that these comparisons 
could be propel ly evaluated that an aveiage be obtained This vas 
accomplished by avei aging the lesults of numeious test meals obtained 
before and following opeiation 

In nine dogs, following the alcohol test meal, the normal aveiage of 
hydiochloiic acid was 22 and the total acidity 46 With the histamine 



Fig 2 — Chart illustrating the free hydrochloric acid and total acidity of the 
gastric secretion in a dog in which the vagus nerve was severed below the dia- 
phragm The irregularity of the acid curve, noted after fifteen weekly extractions, 
following histamine stimulation, is shown Free acid is indicated by the solid line, 
total acid, by the broken Ime 

test, m ten dogs the noimal aveiage fiee hydiochloiic acid was 65 and 
the total acidity 94 

It IS important to note that the continued use of histamine as a stimu- 
lant to the gastric secietion was at no time followed by any ill effect, nor 
weie theie any lesions pioduced in the stomach as the result of this diug 
Ihe quantity of gastiic contents obtained fiom animals after severance 
of the neive diffeied in no way fiom that seemed from the normal 
Following a thorough study of the noimal gastric secretion in each 
dog the ^agus nerve and its branches weie severed at various locations, 
under strict aseptic precautions At each opeiation at least one half 
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an inch of the neive was lesected, and histologic studies weie then made 
of this portion in oidei that theie could be no doubt as to the lemoval 
of neive tissue Following operation, all of the dogs lost weight for a 
shoit peiiod, which the}'- gradually legained, with the exception of the 
group to be latei desciibed Dining the entire peiiod of the expei iments, 
ranging fioin three to twelve months, the dogs weie placed on the usual 
laboiatoiy diet with the exception of the giotip just mentioned Follow- 
ing the first two weeks most of the animals appaiently enjoyed good 
health and suffered no ill effects as the lesult of the opeiation 

Roentgenologic studies weie also made m oidei to deteimine whether 
dela)^ in emptying of the stomach was pioduced by vagal section 

In the hist gioup of ten dogs, the left vagus neive was seveied at a 
location just below the diaphragm All of the animals showed a steadv 
tendency to piogressn^e loss of flesh with maiked weakness, and unless 
placed under special dietetic legimen, died m a short time In thiee of 
the ten dogs death followed quickly, and at autopsy acute peiitonitis with 
tree pus in the abdominal cavity was revealed In thiee otheis, con- 
vulsive seizuies developed before death Foui dogs weie jDlaced on a 
milk diet and inci eased in weight They suivived for a peiiod of three 
months m an apparently health}' state , then they were killed In these 
dogs, following histamine stimulation the gastiic content showed an 
average free hydi ochlonc acid of 63 and a total acidity of 80, indicating 
that theie was but a slight change pioduced m the secietions as com- 
paied with that noted befoie the operation 

In a second gioup of three dogs the anteiior bianch of the left vagus 
neive was severed These dogs lived nine months and were then killed 
The aveiage free hydi ochlonc acid following the alcohol test meal was 
25 , the total acid, 43 Aftei stimulation with histamine, the aveiage fiee 
hydi ochlonc acid was 36, the total acidity, 53 The lesults of the 
alcohol test meal compared closely with that observed in the noimal, 
while those following histamine stimulation showed a marked deciease 
in the flee hydi ochlonc acid and total acidity 

In a thud group of two dogs the pnncipal antenor bianch of the 
left vagus neive was severed, one dog died three weeks following 
the opeiation The second dog, obseived over a period of five and a 
half months, levealed an average fiee hydrochlonc acid content of 16 and 
a total acidity of 42 following the alcohol test meal, and an aveiage fiee 
h}di ochlonc acid of 55 and a total of 70 following the histamine stimu- 
lation This experiment showed a slight decrease in the gastiic acidity 
as compaied with the noimal 

In a fouith group of two dogs, the left vagus neive was seveied in 
the neck These dogs weie obseived over a period of ten months The 
fiee hydrochloric acid of the gastiic secretion averaged 29 and the total 
acidity 46 with the alcohol test , following histamine stimulation, the free 
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h}diochlonc acid aveiaged 39 and the total acidity, 55 It is evident that 
no maiked changes wcie obseived following the alcohol test meal, while 
the histamine test showed a marked diminution in both the fiee acid and 
the total acidity 

In a final group of two dogs, the light vagus nerve was severed in 
the neck, just below the lecuirent laiyngeal branch The dogs were 
obseived ovei a peiiod of six and a half months The average obtained 
following the alcohol test meal levealed a free h}drochloric acid of 18 
and a total acidity of 38 The histamine stimulation showed an aveiage 
flee hi^diochloric acid of 70 and total acidity of 81 These findings 
differ maikedly fiom those obtained following the severance of the left' 
■\agus nen^e in the neck, in that they compaie moie closely with the 
lesults obtained in the average noimal 

It is of interest to state that the roentgenologic examination made in 
eight dogs following the vagal section leiealed no delay m the emptying 
time of the stomach in the six hour study At this period the stomach 
was tound to be empty and the baiium observed only in the teiminal 
ileum and colon In most instances the colon was only paitially filled and 
a consideiable amount of the opaque meal had been evacuated, indicating 
a hypei motility of the gasti o-intestinal tiact 

Complete autopsies weie peifoimed following death in all of the dogs 
in Older to demonstiatc that the propei neive had been sectioned The 
esophagus stomach and duodenum weie carefully investigated, and no 
lesions weie detected in any instance The mucous membiane of the 
stomach appealed noimal, and theie was no evidence of dilatation 

CONCLUSIONS 

Fiom these expeniiients the following conclusions may be drawn 

1 Section of the left vagus neive immediately below the diaphiagm 
pioduces but a negligible change in the gasti ic secretion as compared 
with the normal 

2 Following section of the anteiioi gastric blanch of the left vagus 
neive the acidity may lemain eithei noimal oi become markedly 
deci eased 

3 Section of the principal anteiior branch of the left vagus is fol- 
lowed by slight decrease in the gastric acidity 

4 Aftei section of the left vagus in the neck the secretion con- 
tinues to be normal or there results a marked diminution in the acidity 

5 Following section of the light vagus nerve, the findings vaiy but 
slightU from the normal 

6 It IS theiefore evident that while at times changes in the gasti ic 
secretion occur owing to section of the vagus nerve these are inconstant , 
theie IS likewise a general tendency for this secretion to letuin to noimal 
i\hen diminished as the result of this opeiation 



THE EFFECT OF BRONCHIAL ASTHMA ON 
THE CIRCULATION ^ 


LEO H CRIEP, MD 

PITTSBLRGH 

The pathologic ph}SioIog> of bionchial asthma is manifested by 
an edema of the mucous membranes and a spasm of the smooth muscle 
of the bionchi and bronchioles The an passages become closed, and 
owing to this closuie there is subsequent difficulty in breathing, 
paiticularly in expiration As a result of prolonged and frequent 
attacks of this type of dyspnea, the lungs become distended and emphy- 
sema supeivenes In the latter condition, the alveoli are distended, 
causing a flattening of the alveolai wall with consequent narrowing, 
tearing and even destruction of the capillaiies, which results m diminu- 
tion of alveolar ciiculation and increased piessure within the pulmonary 
aiteries Theoietically, this should result in increased work for the 
light ventricle 

This assumption seems to be borne out b} Kahn,^ who concluded 
fiom an electrocardiogiaphic study of fifty cases of bronchial asthma 
that the majority of his patients demonstiated a state of hypertrophy of 
the right ventricle This conclusion is based on the finding of light 
ventricular piepondeiance present in only one fifth of the entire series — 
a finding that he took to be identical -viith light ventricular hypertroph} 
In a more recent report, Unger " went a step further and concluded 
fiom an electrocaidiographic study of seA’^enty-four cases of bronchial 
asthma that there was evidence of actual cardiac damage m his patients, 
as shown by the piesence of mild conduction disturbances, right ven- 
tiicular preponderance and a tendency toward such preponderance 
The only other repoit on the subject is by Alexander, Luten and 
Kountz,' who, as a result of a painstaking and thoiough study of 

^ Submitted for publication, May 14, 1931 

* From the Department of Internal Medicine and the Clinic of Applied Immu- 
nology, University of Pittsburgh 

* Read before the Society for the Study of Allergy and Allied Conditions, 
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fifty patients, found, unlike the observeis quoted, that bronchial asthma 
has no deleterious effect on the heait 

Two questions therefoie piesent themsehes in this connection 
Do repeated attacks of bionchial asthma pioduce caidiac damage^ 
What IS the state of the heart during an acute and seveie paioxysm’ 
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None 

27 

31 

202 

5 

Neg 

Negative 

Pos 

Neg 

Neg 

Neg 

Present 

Rheumatism 

None 

2S 

21 

S3 

12 

Pos 

Ecrema 

Pos 

Neg 

Neg 

Neg 

Present 

Rheumatism 

None 

29 

57 

137 

5 

Neg 

Negatne 

Pos 

Neg 

Pos 

Neg 

Present 

Rheumatism 

None 

jO 

25 

115 

20 

Pos 

Hay fever 

Pos 

Pos 

Neg 

Neg 

Present 

Rheumatism 

None 

31 

3S 

20s 

8 

Nog 

Urtioaria 

Pos 

Pos 

Pos 

Neg 

Present 

Rheumatism 

None 

o2 

3S 

105 

27 

Neg 

Rhinitis 

Pos 

Pos 

Pos 

Pos 

Present 

Rheumatism 

None 

Os 

0 

40 

5 

Pos 

Negative 

Pos 

Neg 

Out 

Neg 

Present 

Rheumatism 

None 

34 

11 

78 

10 

Pos 

Negative 

Pos 

Neg 

Out 

Neg 

Present 

Rheumatism 

None 

35 

57 

137 

15 

Pos 

Negative 

Pos 

Pos 

Neg 

Neg 

Present 

Rheumatism 

None 

30 

43 

130 

20 

Neg 

Negative 

Pos 

Neg 

Out 

Neg 

Present 

Rheumatism 

None 

37 

40 

145 

7 

Neg 

Negative 

Pos 

Neg 

Out 

Pos 

Present 

Rheumatism 

None 

3S 

42 

132 

15 

Pos 

Negative 

Pos 

Neg 

Neg 

Neg 

Present 

Rheumatism 

None 

39 

07 

126 

20 

Pos 

Negative 

Pos 

Neg 

Neg 

Neg 

Present 

Rheumatism 

None 

40 

43 

187 

9 

Neg 

Negative 

Pos 

Neg 

Neg 

Neg 

Present 

Rheumatism 

None 

41 

29 

129 

21 

Pos 

Hay fever 

Pos 

Neg 

Out 

Pos 

Present 

Rheumatism 

None 

42 

23 

124 

0 

Pos 

Negativ e 

Pos 

Neg 

Out 

Neg 

Absent 

Rheumatism 

None 

43 

23 

no 

5 

Pos 

Negativ e 

Pos 

Pos 

Neg 

Neg 

Absent 

Rheumatism 

None 

44 

51 

181 

42 

Pos 

Negative 

Pos 

Neg 

Pos 

Pos 

Present 

Rheumatism 

None 

45 

25 

115 

22 

Pos 

Negative 

Pos 

Pos 

Neg 

Neg 

Absent 

Rheumatism 

None 

40 

4S 

162 

30 

Pos 

Negative 

Pos 

Pos 

Out 

Neg 

Present 

Rheumatism 

None 

47 

S 

45 

7 

Pos 

Negatne 

Pos 

Neg 

Pos 

Neg 

Absent 

None 

None 

4S 

40 

108 

6 

Pos 

Negative 

Pos 

Pos 

Neg 

Neg 

Present 

None 

None 

49 

43 

1"0 

40 

Pos 

Hav fever 

Pos 

Pos 

Out 

Neg 

Present 

None 

None 

50 

43 

158 

5 

Pos 

Negativ e 

Pos 

Pos 

Pos 

Pos 

Absent 

None 

None 


♦The abbreviations occurring in table 1 are explained thus M R stands for the transverse diameter of the 
DD the long diameter, S 1. equals sinus arrhythmia, DVP equals left ventricle preponderance, and El Dt 
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crrECT or kepeated attacks or bronchial 

ASTHMA ON THE HEART 

Foi the pin pose of this study a senes of fifty consecutive cases 
of bionchial asthma was used This matenal was obtained both fiom 
the clinic and fiom piivate practice Only the following patients were 

in Bionchial Asthma'^ 
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02 
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80 
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05 
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None 
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5 4 
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73 
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72 
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59 
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00 
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S3 

50 
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S2 

130 
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None 

Good 

7 0 


41 
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SO 

120 
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None 

Good 

50 


4 5 

82 

12 7 

13 5 
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S7 

128 

04 

None 

Good 

7 5 


40 

85 

12 5 

13 0 


Normal 



heart to the right of the inidline, and BIB that to the left of the midline, Tr is the total transverse diameter, and 
right ventrielo preponderanee, PB equals premature Beats, and V equals ventricular 



244 


ARCHIVES OF INTERNAL MEDICINE 


included those who gave an unmistakable history of paioxysmal 
seizures and asthmatic symptoms , those who gave a personal histoi} 
of some additional allergic manifestation, such as hay fever or hives 
and a positive familial histoiy, and those who gave positive skin tests 
to eithei the inhalant oi ingestant gioup of proteins No patient wa'; 
included whose history of attacks did not covei a period of at least 
five years The distribution of the patients in this group with regard 
to the duration of their illness may be seen in table 2 and fig 1 There 
were twenty in whom the duration of the condition was between five 
and ten years, and nine who had been ill for fiom ten to fifteen yeais 



Fig 1 — Graph of the number of patients and duration of illness 

Table 2 and fig 2 show the distiibution of patients with leference to 
age Thirty-four of the fifty patients weie from 20 to 50 years of 
age Of the entire group, sixteen piesented no evidence of foci of 
infection in the tonsils teeth or sinuses Twenty-thiee had infected 
sinuses fourteen showed diseased tonsils, and nine presented some 
evidence of apical infection in the teeth (table 3) 

These patients were subjected to a thorough clinical and laboratoiy 
cardiac investigation The clinical survey comprises a cardiac history 
and physical examination The laboratory data consist of vital capacity 
and venous pressure determination, electrocai diographic tracings and 
complete cardiac measuiements obtained fioni roentgenograms of the 
chest taken at a distance of 6 feet (183 cm ) These studies were 
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earned on during the asthma-fiee period, and show the following 
results Two of the patients had iheuinatic initial disease, a condition 
that was independent of, and anteceded, their asthma Two inoie 

Table 2 — Findings in BioncJiial Asthma 


Age ot Patient'! 


Years 

Number 

Pc r Cent 

1-10 

2 

4 

10-20 

0 

12 

20-30 

12 

24 

30-40 

11 

22 

40-50 

11 

22 

50-00 

G 

12 

GO-70 

2 

4 


Duration 


Years 

Number 

per Cent 

5 

’) 

10 

5-10 

20 

40 

10-15 

0 

IS 

15-20 

1 

10 

20-25 

1 

10 

25-30 

2 

4 

30-35 

2 

4 

3V40 

1 

O 

40-45 

1 

2 



Fig 2 — Graph of the distribution of the disease according to the age of the 
patients 

presented apical systolic inuiinuis which were definitely functional 
Foul patients showed some restriction in then response to effort, both 
as legards increasing fatigue and abnoiinal reaction of pulse and blood 
piessure following such exeicise as walking up one flight of steps 
The rest of the caidiac examination, however, did not indicate the 
presence of cardiac damage As seen in table 1, hypotension was almost 
the rule in the entire group What its underlying mechanism was does 
not seem entiiely clear It is certain, however, that it was not due to 
myocardial damage, but that it might be due to possible involvement 
of the autonomic nervous system The majoiity of the patients showed 
a reduction m vital capacity that ranged fiom 49 to 100 per cent of 
the normal, with an aveiage reduction of 61 per cent for the group 
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(table 3 and fig 3) The calculations aie made accoidmg to the tables 
of West and Me}eis* The diminution in vital capacity in all likeli- 
hood was due to the piesence of emphysema, foi iii only seven of the 


Table 3 — Emduigs tn Bionchial Asthma 



Vital Capacitj 



Foci of Infection 

.A . 


' 7 -, 7 





' 

X\ L It LI 1 Xi ^ ) 

per Cent 

iNumber 

Per Cent 

Source 

Number 

Per Cent 

40- 50 

3 

7 "S 

Tonsils 

14 

2S 

50- 60 

7 

IS 

Teeth 

9 

18 

GO- 70 

7 

18 

Sinuses 

23 

40 

70- SO 

13 

34 

None 

IG 

32 

80- 00 

4 

10 




90-100 

3 

7 5 




ICO-liO 

2 

5 






Fig 3 — Graph of the vital capacity of patients with bronchial asthma 

fifty patients was emphysema entirely absent The venous piessuie as 
detei mined by the indirect method during the asthma-fiee period was 
well within noimal, ranging from 5 5 cm to 8 cm of water It 
showed, howevei, a tendency to rise during the acute paroxysm 
(table 1) 

In the Intel pi etation of electrocardiograms, a tracing is considered 
normal if it shows no evidence of arrhythmia, if the P-R (auriculo- 
tentriculai) interval does not exceed 0 2 second, if theie is no 
prepondeiance of the right oi left ventiicle, and if there is no abnoi- 
mahty of the vaiious representatives, particulaily the T wave, an abnoi- 
mahty that so fiequently denotes myocaidial oi coronaiy disease It 

4 Me\ers, J A Vital CapaciU of the Lungs, Baltimore, Williams R 
Wilkins Compam^ 1925 
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IS inteiesting to note that ot the entiie senes, 42 per cent showed mild 
grades of sinus arrhythmia (tables 1 and 4. and fig 4) The incidence of 
this finding was apparently independent of the age of the patient 

Table 4 — Electi ocai diogi ant m Btonchial Adhtna 

Duration, 'Tears 

>10 
10-20 
20-30 
30-40 
40-50 

Total 



Fig 4 (case 13) — Marked sinus arrhythmia, vagus effect, three leads 


Ten patients, or 20 pei cent, showed left 'ventricular preponderance, 
and four patients, or 8 per cent, showed right ventricular prepondei- 
ance However, of these four patients, two had mitral disease, and 
right ventricular preponderance is not an uncommon finding in this 
condition Occasional premature beats of ventricular origin were found 
in one instance The lest of the senes, twenty-one patients or 42 
per cent, presented entirely normal tracings It should be noted that 
this percentage would be more than doubled if sinus arrhythmia and 
ventricular preponderance were not considered abnormal Sinus 
arrhythmia m these cases as due to the vagotonia with which bronchial 
asthma is so frequently associated This vagus effect is shown par- 
ticularly in case 26 which presents the electrocardiographic picture of 


Electrocardiogram 


><ormal 

S A 

LVP 

EVP 

Cond 

Mi oc 

12 
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5 

2 

PB 1 
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5 
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5 
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0 

1 

5 

0 

1 

0 

0 

1 

1 
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0 

2 
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0 

0 

0 

21 

21 

10 

4 

1 

0 
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sinus arrhythmia, left ventricular pi eponderance and a marked brad}- 
cardia, with a rate of 40 (fig 5) The clinical significance of ventri- 
cular preponderance is apparentlv not very great As an isolated 
finding, it is not infrequently seen in noimal persons, and presents 
itself as a result of numerous factors othei than cardiac impairment 
As a matter of fact, while it was thought oiiginally that pi eponder- 
ance of a ventricle is synonymous with increase in ventricular muscle 
mass, and that prepondeiance is a fairly reliable means of estimating 
the relative weight of the ventiicles, this view has undergone some 
modification It is shown that the position of the heart in the chest 
IS a detei mining factoi, and more recently Fahi,^ and Heiman and 
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Fig 5 (case 26) — Sinus arrhythmia, bradycardia, left ventricular preponderance 



^^ulson ® showed that the picture of preponderance may be affected by 
the propagation of the impulses through, and the anatomic distribution 
of the conduction system , that what is now considered right preponder- 
ance may be left preponderance, and vice versa To substantiate this 
view. Barker and his co-workeis' presented fairly definite evidence by 
showing that what is now interpreted as premature beats of left ven- 
triculai oiigin is obtained experimentally in the human heait by stimu- 

5 Fahr, G Some Fundamental Principles of Electrocardiography, Arch 
Int Med 27 126 (Jan) 1921 

6 Herman, G R, and Wilson, F N Ventricular Hypertroph}^ Heart 9 91 

1922 

7 Barker, P S , Macleod, A G , and Alexander, J The Excitatory Process 
in Exposed Human Heart, Am Heart J 5 720 (Aug) 1930 
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lating directl}' the light ventiicle If the latter views aie coriect, and 
there is reason to beheie they may be so, the significance of the finding 
of light ventricular preponderance in bionchial asthma by Kahn and 
Unger is difficult to evaluate In view of these considerations, and m 
view of the fact that preponderance is seen relatively so frequently in 
apparently normal persons, it appears that ventricular preponderance, 
per se, bears no important clinical significance m bronchial asthma and 
certainly does not indicate eithei cardiac strain or caidiac damage 

The cardiac measurements are taken from roentgenogi ams of the 
chest made at a distance of 6 feet m ordei to demonstrate any possible 
enlargement of the heart and particularly of the right side of the heart 

These measuiements aie compared with standaid normal measuie- 
ments foi sex, height and weight, according to the tables of Claytor and 
Meirill, as quoted by Vac|uez® With the exception of only foui 
patients who showed a slight increase in the transverse diametei, the 
caidiac measurements of the senes studied are found to be well within 
the normal limits 

It is thus seen that patients with bronchial asthma exhibit neither 
symptoms nor physical findings suggestive of organic heart disease On 
the laboratoiy side, theie are no vital capacity, venous pressure, elec- 
trocardiogi aphic oi loentgenologic changes to suggest cardiac damage 
or heart failure Furthermore, the literature affords no evidence of 
pathologic changes m the hearts of asthmatic patients who came to 
autopsy ° 

THE HEART DURING THE ACUTE ASTHMATIC ATTACK 

Since the symptoms of bronchial asthma are due to mild asph}'Xia, 
and since patients who die of an attack die of acute asphyxia, it is 
logical to expect that functional cardiac changes might occur during 
the acute attack that would be less extensive but nevertheless com- 
parable to those seen m lowei animals dying of anaphylaxis Anaphy- 
laxis when fatal m the guinea-pig is due to asphyxia which results, 
very much as m bionchial asthma, from closure of the bronchi and 
bronchioles so that expiiation is not possible I reported that electro- 

8 Vaquez, H and Bordet, E The Heart and the Aorta, New Haven, 
Yale University Press, 1920, pp 28-29 

9 Kountz, W B , and Alexander, H L Death from Bronchial Asthma , 

Three Cases, Arch Path 5 1003 (June) 1928 Pollack, M Bronchial Asthma 
with Case Reports and Post Mortem Records, U S Vet Bur M Bull 4 214 
(March) 1928 Rackemann, F M Fatal Asthma Report of Case with Autopsy, 
Boston M & S J 194 531 (March 25) 1926 Huber, H L, and Koessler, K K 
The Pathology of Bronchial Asthma, Arch Int Med 30 689 (Dec ) 1922 

10 Criep, Leo H Electrocardiographic Studies of Effect of Anaphylaxis on 
the Cardiac Mechanism, Arch Int Med 48 1098 (Dec ) 1931 






Fig 6 (case 3) — Delays m A-V conduction during asthmatic attack P-R 
interval, 0 24 second, three leads 


In Older to demonstrate the effect of the acute asthmatic attack on 
the heart, twenty cases are reported Of these, electi ocardiograms were 
available m eight, while in twelve careful note was made of the pulse 
as legal ds its rate and rhythm In the latter group, one patient showed 
clinically piematuie beats which occurred throughout the attack and 
for several hours following it The other eleien patients showed no 
arrhythmia Of the eight patients of whom electrocardiograms were 
made during the paroxysm (table 1), six were noimal and two piesented 
definite functional disturbances One of these, case 3 showed definite 
delay in auriculoventncular conduction (fig 6) This patient was a 
young adult the duration of whose asthma was sixteen y^ears An elec- 
trocardiogram taken during the asthma-fiee peiiod showed only'^ left 
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■\entiicular piepondeiance and normal conduction time The tiacing 
shown m figtiie 6, taken duiing a piolonged and severe attack, shows 
a P-R interval of 0 24 seconds, and this finding continued to be present 
for seveial days following the cessation of the acute symptoms 

The second patient, case 8, was a man, aged 22, who had had 
asthma since childhood He also had hay fever, being highly sensitive 
to ragweed, and a very seiious constitutional reaction developed ten 
minutes following tieatment with ragweed extract This reaction was 
characteiized by urticaria, ha}^ fever, asthma seizure and signs and 



Fig 7 (case 8) — Electrocardiogram taken during severe constitutional reaction 
Mild sinus arrhythmia, premature beats of right ventricular origin, left ventricular 
predominance 


symptoms of suffocation and circulatory failure An electrocai diogram 
obtained at this time (fig 7) showed an occasional premature beat m 
lead 1, followed by prematuie beats of right ventiicular origin occurring 
regularly after eveiy other normal beat This patient received 0 4 cc 
of epinephrine hydiochloride fifteen minutes previous to the taking of 
the electrocardiogram, but it is unlikely that the epinephrine hydro- 
chloride was lesponsible for these findings, the drug did not produce 
piemature beats in other asthmatic patients, and at least one patient on 
whom a report is made m this paper showed premature beats before he 
leceived epmephime hydiochloride 





252 


ARCHIVES OF INTERNAL MEDICINE 


It IS true that the changes shown by both of these patients were 
veiy slight At the same time, they were definite and seemed to be 
more or less diiectly connected with, if not actually caused by, the 
asphyxia of the asthmatic attack The more advanced disturbances of 
rhythm that are observed m anaphylaxis and asphyxia in lower animals 
are not seen in clinical asthma, because the process is not sufficiently severe 
m the human being to cause such an analogously profound asphyxia 
On the basis, however, of the foiegoing findings, the opinion is ven- 
tured that electrocai diographic studies in fatal cases of asthma would 
show cardiac changes similar to those m fatal anaphylaxis 

SUMMARY 

1 A complete cardio\ascular survey of fifty patients suffering from 
bionchial asthma is presented 

2 An electrocardiographic study of the acute asthmatic attack in 
eight patients is reported 

CONCLUSIONS 

1 Bronchial asthma does not have a peimanent damaging effect on 
the cardio'vasculai system 

2 Acute attacks may as a result of the associated asphyxia pioduce 
minor transitoiy disturbances m cardiac conduction 


1004 May Building 



PSITTACOSIS 


WITH RESULTS OF POSTMORTEM EXAMINATION IN A 
CASE INCLUDING STUDIES OF THE SPINAL CORD 

S H POLAYES, MD 

AND 

M LEDERER, M D 

BROOKLYN 

The following case is reported, fiistly, because as far as could be 
ascertained it is the fiist case of psittacosis in New Yoik City in which 
the diagnosis was confiimed both by bactei lologic and by postmoitem 
examination, and secondly, because the case pei nutted of studies on 
the changes in the spinal coid 

REPORT OF CASE 

B H , aged 51, a white woman, Jewish, a housewife, was admitted to the 
Jewish Hospital of Brooklyn to the private service of Dr Meyer Rabinowitz on 
Feb 5, 1931 The chief complaints were chills and fever for the last two days 
and pain m the back for the last four days 

Picsenf Illness — About a week before admission the patient was seized with 
intermittent chills A physician was called and diagnosed her condition as “grip ” 
The following day the patient felt improved, but three days later she developed 
signs of pneumonia and was taken to the hospital 

Hutoi y — The history was unimportant except for dyspnea on exertion A 
brother died of “pneumonia” the previous week at the age of 65 

Physical Examination — The patient lay quietlj in bed and presented a definite 
malar flush and cyanosis of the lips and fingertips The temperature was 105 F 
The pulse rate was 116, and the respirations numbered 60 per minute The blood 
pressure was 140 systolic and 70 diastolic The pupils were equal and contracted, 
and failed to react to light The ears, nose, throat and cervical lymph nodes were 
normal 

Examination of the chest showed limitation of expansion, dulness on percussion 
and moist rales over both bases, with tubular breathing above these areas The 
patient did not complain of any chest pain The heart showed no changes other 
than a rough systolic murmur at the apex 

The abdomen was moderately distended On the day of admission the patient 
had five bowel movements (The diarrhea persisted throughout her illness ) 

February 6 The patient developed a hacking cough without expectoration, but 
was moderately comfortable in an oxygen tent Respirations were mainly abdom- 
inal and at the rate of 30 per minute Cyanosis persisted The pulse rate was 
112 (occasionally irregular), and respirations numbered 27 per minute The tem- 
perature fluctuated between 104 and 105 8 F , and the blood pressure was 166 
systolic and 70 diastolic There was still absence of pleuritic pain 

* Submitted for publication, April 25, 1931 

* From the Department of Patholog}', the Jewish Hospital 
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Februar}^ 7 A pleural rub over the right anterior part of the chest was heard 
tor the first time Crepitant rales were heard over the upper left and entire right 
side of the chest posteriorly up to the apex, while over the lower lobe of the left 
lung there was now more resonance, indicating a regression of the process below 
with extension to the apex 

It may be of interest to note that the changes indicating a progressive ascending 
process from base to apex has been observed previously and referred to by Peterson 
as a creeping pneumonia 

February 8 No appreciable change in condition was noted 
February 9 The patient showed a definite decline The pulse was irregular, 
the abdomen was distended, the respirations were shallow and rapid and the cyanosis 
was more marked The patient became delirious and showed marked twitching 
of the face and extremities 

In the afternoon of the same daj' a reappearance of crepitant rales was noted 
over the base of the left lung, apparentlj' a secondary infection Numerous fine 
rales were also heard over the entire right side of the chest The occasional hack- 
ing cough persisted, but remained unproductive 

February 10 The delirious state and abdominal distention were more severe, 
and the patient expelled large amounts of watery and foul fecal matter Repeated 
examinations of the stool for blood and parasites ga\e negative results 

February 14 A spinal tap was performed, and 15 cc of opalescent fluid under 
pressure was removed 

February 16 The abdominal distention increased, and the bowel movements 
continued foul and watery The cyanosis became more marked and the respirations 
were very rapid (50 per minute) and labored, becoming gasping m character The 
pulse became imperceptible, and death occurred at 9 a ni 

About five days after the patient’s admission to the hospital the following infor- 
mation was obtained Her brother (B^) and his neighbor (F) had recently 
returned from Havana with six parrots One of these parrots died on board the 
ship The neighbor took the dead parrot and one of the live ones home with him 
Shortly afterward, however, the second parrot also died Of the remaining four 
birds, a pair (male and female) were taken by each of the patient’s two brothers 
(Bi, B-) The male bird of one and the female of the other of these two pairs 
flew away and the older (B-) of the two brothers took the remaining two birds 
for mating purposes He soon became ill and died of “pneumonia” (now believed 
to be of psittacosis origin) five days after the onset of the disease One of the 
birds of the remaining pair also became ill and died during the course of its 
owner’s illness Then m rapid succession each of the following persons became ill 
the sister (H) of B-, whose case is here reported, two of his daughters (S 
and G) and the wife of his brother, who originally brought the birds from Havana 
and w'ho for a time shared one of the birds of the last pair They all had been 
at the home and had attended the funeral of the first victim All were admitted 
to the hospital and all recovered except the patient whose case was just described 
Two of the survivors (S, Mrs B’^) had an uncomplicated course while the third 
(G) w'as still in the hospital at the time of this writing, recovering from the effects 
of a pulmonary embolus complicating convalescence 

Labotafoiv Data — The urine show'ed traces of albumin and occasional red 
and white blood cells Studv of the blood revealed red cells, 4,490,000, with 0 5 
per cent reticulation , wFite cells, 10,800 , polymorphonuclear neutrophils, 86 5 per 
cent, with 45 per cent nonsegmented forms, Ijmphocytes, 11 per cent, monocytes, 
1 5 per cent , neutrophilic myelocvtes, 0 5 per cent , metamj'^elocytes, 0 5 per cent , 
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platelets, 150,000 per cubic millimeter, hemoglobin, 64 per cent (Dare) , color 
index, 0 7 per cent , bleeding time, 10 seconds, and coagulation time, 10 minutes 
Repeated examination gave similar results Blood taken for culture on Februarj 
6 was reported sterile after three days’ incubation The spinal fluid was under 
increased pressure and opalescent owing to the presence of numerous red blood 
cells Albumin and globulin were present Fehling’s solution was reduced The 
Wassermann test was negative Colloidal gold was not reduced 


/ " " - * ' ' 
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Fig 1 — Surface of consolidated lung showing the typical smooth pleura 

Autopsy — The body was that of an obese A\hite woman The external appear- 
ance showed nothing remarkable The skin and mucous membranes showed no 
changes The panniculus was thick The muscles were bluish red and well 
developed 

Cavities In the peritoneal cavity firm adhesions bound the transverse colon 
to the gallbladder The pleural and pericardial cavities were normal 
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The macroscopic examination showed certain conditions Larynx There was 
edema of the entire submucosa Hemorrhagic areas were found in the epiglottis 
and just below the vocal cords Trachea Changes similar to those noted in the 
larynx weie observed Bronchi The larger bronchi showed changes similar to 
those in the trachea 



Fig 2 — Section through the red area of consolidation showing fine and coarse 
fibrinous deposits in the alveoli and interalveolar septums , reduced from a mag- 
nification of 90 


Alicroscopic changes were also seen Larynx Congestion and edema were noted 
m the submucosa Mononuclear, plasma and a few polj’-morphonuclear neutrophilic 
cells infiltrated this area A thick lajmr of fibrin separated the zone of infiltration 
from the stroma beneath it Trachea Congestion and extravasation of blood 
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beneath the mucosa were observed This process was accompanied b} an infiltra- 
tion with numerous polymorphonuclear, plasma and small as well as large mono- 
nuclear cells, the latter predominating Bronchi Examination of the right bronchus 
show^ed a marked congestion of the vessels throughout the entire depth of the wall 
The latter was the seat of an infiltration similar to that noted in the trachea Small 



Fig 3 — High pow'er field showing the typical alveolar exudate consisting of 
large mononuclear cells, desquamated cells of the alveolar lining and plasma cells 
enmeshed in a fine fibrinous netw'^ork PoliTOorphonuclear leukocytes are absent 


mononuclear cells infiltrated the surrounding lung parenchyma The left bronchus 
show'ed a similar but less marked involvement The peribronchial hraph nodes 
were fibrosed and filled with anthracotic deposits Numerous phagocytic cells and 
plasma cells w^ere found diffusely infiltrating the interstices of the node 
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Lungs The right upper lobe was voluminous, firm in consistency throughout 
and bluish red, and had a smooth pleural surface (fig 1) Section showed a 
uniformly dense, glossy, grayish-blue parenchyma Microscopic examination 
revealed marked congestion and edema of the alveolar walls The interalveolar 
septums in some sections were thickened by a fibrinous network which extended 
into the alveolar spaces This was quite striking In many alveoli it was made 
up of extremely fine fibrils forming a very delicate intertwining network In 
others, the deposit was quite thick with only a few cells enmeshed in it (fig 2) 
In most of the alveoli of this section there were found many plasma cells and 



Fig 4 — Cut surface of consolidated lung showing areas of consolidation and 
large thrombi in the pulmonary arteries 

large mononuclear cells, some of which had apparently been actively engaged in 
phagoc 3 tosis Desquamated cells of the alveolar lining and large, pale \acuolated 
cells simulating ring forms were also scattered throughout the fibrinous network 
in the alveoli Pol 3 ’^morphoiiuclear leukoc 3 '^tes were extremely scarce, and in mam 
sections entirely absent The alveolar epithelium was markedly hypertrophied and 
prohferatne (fig 3) 

The right middle lobe showed similar parench 3 mal changes and, in addition, 
presented numerous thrombi plugging the blood vessels (fig 4) Microscopic 
examination showed the bronchial walls to be markedly infiltrated with mononu- 
clear and plasma cells The alveoli showed changes similar to those already noted, 
and nian 3 of the pulmonari vessels were plugged b\ platelet thrombi The epithelia 




POLAYES-LEDhRER—PSn TAG OS IS 


259 


of the bronchial mucosae were almost entirely desquamated The arteries showed 
markedly thickened medial coats Alany of the capillaries contained hyaline 
thrombi 

The right lower lobe macroscopically showed a more intensely red discoloration, 
although here also the bluish-gray patches were found occupying large areas of 
pulmonary parenchyma Microscopic examination of the tissue show^ed a more 
pronounced hemorrhagic infiltration of alveoli as well as of alveolar septums 

The left upper lobe show'cd old adhesions which obliterated the interlobar fis- 
sure Cut section showed irregular gray raised rough patches, some discrete and 
others conglomerated, scattered throughout the parenchyma The larger patches 
were situated near the interlobar adhesions Microscopic examination show^ed a 
process similar to that described in the right lung 

The left lower lobe showed similar but less extensive involvement Microscopic 
examination showed changes essentially like those already noted, except for more 
abundant fibrin deposits in the involved alveoli Areas of emphysema w'ere found 
in the superficial portions of all lobes 

The left mam pulmonary artery contained a large gray thrombus which was 
not adherent to the -vessel w^all and wdnch on microscopic examination show'ed the 
typical architecture of a platelet thrombus The smaller pulmonary arteries also 
contained graj^ thrombi 

Cardiovascular System The heart w'eighed 380 Gm The epicardium was 
noimal, and the myocardium edematous The left ventricular myocardium was 
markedly hvpertrophied The mitral valve consisted of three leaflets, the accessory 
one being about one-half the size of the other two Hemorrhagic areas were found 
in the endocardium of the mitral, tricuspid and aortic leaflets The foramen ovale 
was partially patent The coronary arteries were normal Microscopic examina- 
tion showed swelling of the muscle cells throughout Sections through the posterior 
wall of the left ventricle showed small discrete foci of polymorphonuclear and 
plasma cell infiltration betw'een muscle cells The tricuspid valve in the region 
of the hemorrhagic area noted on gross examination w^as the seat of a subendo- 
cardial extravasation of red cells The middle aortic cusp showed a marked sub- 
endocardial fibrin deposit 

The aorta and other large arteries showed a moderate atherosclerosis macro- 
scopically and microscopically 

The right iliac vein w'as occluded by a gray thrombus, not adherent to the 
^essel Microscopic examination of the vein showed a tjpical platelet thrombus 
wnth no change in the ^essel w^all Numerous cocci were found in the thrombus 

Gastro-Intestinal Tract The entire w'all of the esophagus was edematous and 
the mucosa w'as the seat of areas of marked congestion Microscopic examination 
show'cd markedly congested vessels beneath the mucosa wnth an infiltration bv 
plasma cells and occasional large mononuclear cells 

The cardiac portion of the stomach mucosa w^as extremely hemorrhagic The 
pjdoric portion w^as polypoid and less hemorrhagic Alicroscopic examination show'ed 
extravasation of blood in the mucosa of the cardia and congestion of the entire 
submucosa 

There w^ere numerous mucosal hemorrhages m the small as w^ell as the large 
intestines Dense adhesicns bound the ascending colon to the gallbladder The 
lymph follicles of the intestines show'ed no changes klicroscopic examination 
showed no abnormalities other than congestion of the vessels and occasional areas 
of infiltration wnth large mononuclear cells 

Biliary Tract The liver w'eighed 2,550 Gm The capsule was smooth and 
glistening The consistency was firm The color was pale reddish browm wnth 
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> ellow mottling The architecture was clouded The mam portal vein was normal, 
but Its right branch was reduced to a fibrous cord, containing no visible lumen 
The left branch was of large caliber, and as it entered the deeper portion of the 
parenchyma it gave off branches to the right lobe Section through the right lobe 
of the liver through the altered right branch of the portal vein showed the tissue 
in that region to be the seat of a gray scar One of the smaller vessels passing 
through this area contained a thrombus, apparently of recent origin The biliary 
channels were normal The hepatic veins were normal The bed of the gallbladder 
was the seat of dense adhesions that bound the organ to the under surface of the 
li\er Microscopic examination showed a marked fat replacement with only a 
few small areas of normal liver parenchyma The distribution of the fatty changes 
was central as well as periportal This was accompanied by a periportal small 
round cell infiltration There was also a marked bile pigment deposit m many of 
the liver cells Section through the scar showed platelet thrombi in the large 
branches of the portal vein The liver tissue m this region was completely replaced 
by a scar, and the surrounding hepatic parenchyma was markedly replaced by fat 

The gallbladder was embedded in a mass of adhesions which bound it to the 
hepatic flexure of the colon The wall of the organ was markedly^ thickened and 
pearl gray Its lumen was occluded by several large bile pigment calculi The 
rugae of the mucosa were hypertrophied, and in areas adhered to each other to 
form separate pockets containing inspissated bile The cystic duct was normal 
except for a thickening of its wall Microscopic examination showed a marked 
fibrosis of the organ 

The pancreas weighed 100 Gm It was firm in consistency and on section, the 
head of the organ presented a small pearl-gray discrete nodule Microscopic exam- 
ination rerealed a pronounced interstitial fibrosis The nodule was found to consist 
of a large island of dark-staming epithelial cells, irregularly scattered although 
some of them showed a tendency to alveolar and ducthke structure This nodule 
was completely circumscribed by a dense fibrous capsule 

The spleen weighed 400 Gm The capsule was smooth The color was reddish 
purple and the consistency extremely soft Cut section showed a semifluid jellv- 
hke splenic parenchyma The splenic vein was occluded by a large gray thrombus 
which was unattached to the vessel wall Microscopic examination showed a 
marked extravasation of blood in the pulp throughout the organ Scattered 
throughout the parenchyma were found numerous large mononuclear and plasma 
cells The splenic follicles were obscured by the hemorrhagic process and reduced 
m size and number The venous sinuses were engorged with blood and pigment 
The arteriolar walls were thickened 

Each suprarenal gland weighed about 10 Gm In both organs there was cloudy 
srvelhng and the medullary portions showed softening and red discoloration 
Microscopic examination showed a marked autolysis of the parenchyma and con- 
gestion of the medulla m each organ 

Genito-Urmarv System The left kidnev w'eighed 250 Gm , the right, 275 
Gm The capsules stripped with slight difficulty, leaving a rough bluish-grav 
surface with numerous cortical cysts of varying size On the surface of the left 
kidnev there was a small stellate scai Section through the organ showea a cloudy 
swelling of the parenchjuua The larger vessels showed thickening of their walls 
The pehes w^ere markedly hemorrhagic and edematous Microscopic examination 
showed congestion of the glomerular tufts and slight granular degeneration of the 
tubular epithelium The pelvis was edematous and the seat of marked extravasa- 
tions of blood The stellate cortical scar noted m the left kidnev was the seat 
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Fig 5 — High power field in anterior horn of the spinal coid showing changes 
in the morphology of the neurons and hemorrhages 


The uterus was the seat of intramural and subserous fibroids The endo- 
metrium was hemorrhagic and polypoid Microscopic examination showed a 
marked polypoid h 3 '^perplasia of the endometrium and cj’^stic changes of the glands 
of the cervical mucosa The fibroids m the wall of the uterus presented areas of 
cystic degeneration The fallopian tubes showed congestion on gross and micro- 
scopic examination The ovaries were slightly enlarged and the seat of small 
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cysts, some of which contained clear yellow fluid , others, bloody fluid Microscopic 
examination showed follicular cysts, some filled with extravasated blood 

Thyroid The left lobe was the seat of a thick-walled cyst The right lobe 
was normal ^Microscopic examination revealed the presence of a fetal adenoma 
and a cystic degeneration of the left lobe The right lobe was normal 



Fig 6 — High power field of anterior horn of the spinal cord, showing fat drop- 
lets m neurons , sudan III 

Thjmus This was almost compIetel 3 ’' replaced by fat Microscopic examina- 
tion showed almost complete replacement of the thymic structure by fat and 
h mphocj tes 

Ribs and Vertebrae These iiere normal The rib marrow was red and on 
microscopic examination showed a hjperplasia of all elements 
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J'A.uiiin.itioii of 11 k’ 1)1 .nil w.is not pciiuittul 

S))in.il Cold 'I'lie dnia in.itii was inodtiately con/'i'slcd 'i'lie jna nialti, 
tsiKci.iIlv in tiic it'Kion of tlit lumliai sif^intiits, siiowtd .1 11101 c iiiaiktd Loiigtstion 
of vessels 'I'lansvcisc see (1011 of ttie sjunal eoid levealcd .1 vcllowisli diseoloialioii 
of llu ii(;lU posteiioi Iioin Mieioscoine eviiiiiiialioii of etlloidiii and pai-illin 
piopaiatioiis with vaiions stains sliowtd llic followinj’ With hciiiatowlin and cosin 
st.iiii Uieie was ,i iiiodei.ite iinionnl of cliiom.itolvsis of the aiilcnoi hoin cells 
and an ineiease 111 the ph.d cells Some of the nenions showed olhei 11101 pholopic 
changes, consisting of a li aiisfoi iii.ition of the usual ])Viamicl<il foiin into loiinded 
01 olhei w'ise disloiled shapes ,uid an eeceiiliic iiosiiion of the lUiclci, some of wliieh 
look the stain veiv f.inillv 01 not at .ill lleie .ind Iheie wcie noted .ueas of 
peiiv.isciil.il loiiiid cell infilti.ilioii 'I he vessels wcie congested Ihioughout the 
gi.iv <ind white in.ittei In the .uilciioi hoiiis weie found scwei.il heiiioi 1 h.igie 
.iie.is 'llu e\ti .iv.is.itioii seemed to follow' the couise of hloocl eessels m some 
1)1. ices, .dlhough no hie.ik 111 the stiuetuie of the l.itlei could he denionsti.ited 
(fig “)) In pi ep.u .itions st.iiiied w'lth sud.m 111 , f.it dioplets w'eie found 111 .ihiiii- 
d.uiee 111 most of the neive cells of the anteiioi hoi ns (fig d) With c lesyl-violet, 
the chi 0111. itolysis .uid 11101 phologie ch.uiges 111 the neuions noted in the seetions 
stiuued W'lth hem.itowhii ,uid eostn w'eic moie dcTiiiitelv visualized In Wed 
pieii.ii.ilioiis iiivehn degenci.itioii could not he denionsti.ited With v.in Gieson’s 
method theie w.is no iiicie.ise noted m the lihious tissue of the meninges cn eoicl 
With D.ivenpoi t’s sl.un the mcie.isc 111 iiciiiogh.i .iiid ch.mges m the nemoiis 
.die.idv noted wue .ig.im clcailv denionsti.ited 

y\llh()ttj4h iho eh.uitfc’s (leseiilied weie dclnule they (..innot lie 
coiisKictod eli.u.icU'itstic of ihis (listMsc, since simil.u th.in}>es in the 
spinal toul 111, IV net in in lo\it si, ties olhei Ih.in those assoti.iled with 
psitl.icosis 

ihi( l( I ial<)(/i( I' 'iaiiiinaluiii — I issue fiom the lung, hvei ,uid spleen, seemed 
iiiidci .isciilic piec.iutioiis, w.is suhmitted to Di (i P Peiiy of the Roekefcllci 
Institute foi h.ictei lologic study ])i lU'iiv lepoited th.it he identified and isolated 
the psitt.icosis viius fiom e.ieli of these tissues He .ilso isol.iled the Miiis fioiii 
the sputum of one of tlu sinvivois (Mis .uid fiom the hvei and s))lcen of the 
l.isl 1 em, lining jiaiiol icteiced fiom the home of one of the suivivois (S) (With- 
out the woik clone by l)i I’eiiy ,i definite h.iclei lologie diagnosis of ])sitl,icosis 
could not h.ive been est.ihhshed 111 this c.ise) 

tOM M |. N P 

A eonsidei.ihle .inioiinl of lilei.ilnie h.is leeenllv lieen jiithlished 
de.iIiiiK tvilh Ihc v.iiioiis ph.ises of (his inleicstniq disease To avoid 
ie])etilion, Iheiefoie, only (lie iieilinent facts conteinino this subject 
will he leviewcd, omittinj^ the thnttal .ispeels which will he the sub- 
jccl of a subset I lien 1 ]Miblie,ilion by Di Meyei ICibinowil/ 

In Ibe eindemioloj^ic lepoiL on jisitt.ieosis jatblished by Ibe Leaj’ue 
of Nations,' this disease is defined .is one due to an unknown patho- 

I Uouh.ikme, A Monthly lepnlemiologie.il Pepoit of 1 e.igue of N.ilions 
no I, 19.30 (.111 e\eellenl leview w'lth full lefeienees) 
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genic agent, and ti ansmitted to man by ceitain species of parrots and 
especially by pairots fiom the Amazon 

The disease was fiist described by Juigensen,- in 1876, as an atypical 
pneumonia of animal oiigin The first lecognized epidemic occurred 
in and around Pans and Switzeiland in 1879, and was desciibed by 
Wagnei and by Ritter and Ustei,"* respectively All victims had 
been in contact with sick panots fiom tiopical countries Since then 
epidemics have occuiied m vaiioiis parts of the woilcl at fiequent inter- 
vals There ivas an epidemic in Bonn m 1882, in Leipzig in 1886, in 
Pans in 1892 and 1896, in Italy in 1894, in Beihn in 1898, in Brazil 
in 1904, in New Hampshiie in 1904, m Zulpnch (Rhineland) in 1909, 
in England in 1914, in Wilkes-Bari e. Pa, m 1917, in Edinburgh m 
1924, in Pennsylvania again in 1928 and in England again in 1929 
Up to the end of 1929, theie occuiied, accoidmg to Heymann,-' a 
total of 164 cases, with 54 deaths Between the end of 1929 and the 
beginning of 1930, howevei, much moie severe epidemics occurred in 
the following locations Argentina, Geimany, England, Austria, 
Czechoslovakia, the Netherlands, Denmark, Switzeiland, Poland, Spain 
Poitugal, Algeria and, last but not least, the United States of America 
In this countiy outbieaks occiured m sixteen states, including the 
Hawaiian Islands During these few months about 400 cases of psitta- 
cosis were reported throughout the woild and moie than one fourth 
of these occuried in the United States 

All the cases reported in this country weie traced to one or two 
consignments of pairots from South Ameiica, so that on Jan 4, 1930, 
the President was foiced to piohibit the import of parrots into the 
United States Since then, however, sporadic cases and epidemics 
have been repoited in this country McCoy® leported the cases of 
several laboratoiy rvorkers ^from the Hygienic Laboratory of Wash- 
ington, D C , who weie afflicted with the disease after exposure to 
infected parrots with which expeiiments were being carried out Gor- 
ham, Caldei and Veddei " leported cases in New York State, Haines” 
in Ohio, Bortz and Gieen® in Pennsylvania, Wiith^® in New Orleans, 

2 Jurgensen, in von Ziemssen Handbuch der allgemeinen Therapie, Leipzig, 
F C W Vogel, 1874 

3 Wagner Der sogenannt Pneumotype, Deutsches Arch f klin Med 35 
191, 1884 , 42 405, 1888 

4 Ritter and Uster Deutsches Arch f klin Aled 25 53, 1880 

5 Heymann, B Klin Wchnschr 5 193, 1930 

6 McCoy, G W Pub Health Rep 45 843, 1930 

7 Gorham L W , Calder, F G , and Vedder, J D Psittacosis, JAMA 
94 1816 (June 7) 1930 

8 Haines, H G Psittacosis, JAMA 94 1821 (June 7) 1930 

9 Bortz, E L, and Green, B Psittacosis, J A M A 95 400 (Aug 9) 1930 

10 Wirth, W R New Orleans M & S J 83 132, 1930 



POLA YES-LEDERER—PSI PTA COSIS 


265 


Riveis, Benjamin and Berry “ in New York (anothei case lesulting 
f 10111 contact with sick paiiots in the laboiatoiy duiiiig expei miental 
investigations), Maclachlan, Peiniai and Rogeis^- in Pittsburgh, Petei- 
son Spalding and Wildnian in Washington, Wellman m Massa- 
chusetts, Saiidoer and Coburn m Kansas, HaliiM® m Connecticut 
and Badgei m a depaitment stoie of a ceitam city m the United 
States, the name of which is not stated 

The greatest nunibei of cases have been caused by contact with 
the Biazihan gieen paiiot known as the Amazon pairot The disease, 
howevei, has been shown to be transmitted also by the gray paiiot of 
Africa, love-birds, canaries, thrushes and the Italian cardinal bud 
Psittacosis may also be conti acted by domestic fowls, mice, bullfinches, 
rabbits and even cats 

Those familial with the conditions of the tiade m paiiots aie of the 
opinion that the poor conditions of tianspoitacion and the change m 
climate and geneial eni ii onment of these wild buds light up a latent 
psittacosis infection and make them leady hosts for the disease It 
IS not known, howevei, how long a newly imported pairot may be a 
potential source of danger 

Direct contact with the infected animal is not the only way in which 
the disease may be contracted Infection by fomites is a lecogmzed 
possibilty This is supported by the case desciibed by Holder and 
Gow Human transmission of the disease is also possible, accoidmg 
to some investigatoi s Such cases have been lepoited by Hegler,-^ 
Keischensteiner,-- Stefanopoh,^® Cosman and Sturdee and Scott 

11 Rivers, T M , Benjamin, B , and Berry, G P Psittacosis, JAMA 
95 577 (Aug 23) 1930 

12 Maclachlan, W W G , Permar, H H , and Rogers, C A Ann Int Med 
4 260, 1930 

13 Peterson, E , Spalding, O B , and Wildman, O Psittacosis, JAMA 
95 172 (July 19) 1930 

14 Wellman, H E New England J Med 203 421, 1930 

15 Sandoer, S A , and Coburn, C E J Kansas M Soc 31 28, 1930 

16 Hahn, T F , Jr Yale J Biol & Med 2 417, 1930 

17 Badger, L F Pub Health Rep 45 1403, 1930 

18 Gordon, M Proc Zool Soc Lond , 1928, pt 2 

19 Parrots in Brazil m Relation to Psittacosis, Correspondence JAMA 
95 876 (Sept 20) 1930 

20 Horder, T , and Gow, A E Lancet 1 442, 1930 

21 Hegler, C Deutsche med Wchnschr 4 148, 1930 

22 Kerschensteiner Munchen med Wchnschr 77 310, 1930 

23 Stefanopoh Bull san de I’Algerie 387 54, 1930 

24 Cosman, quoted by Stefanopoh (footnote 23) 

25 Sturdee, E L , and Scott, W M A Disease of Parrots Communicable to 
iMan (Psittacosis), Ministry of Health, Reports on Public Health and Medical 
Subjects, no 61, London, His Majesty’s Stationery Office, 1930 (another excellent 
review with an extensive bibliography) 
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There are several facts, howevei, that aigue against psittacosis being a 
disease that ma} be spiead fiom man to man In the first place, the 
outbieaks do not assume leal epidemic foims as do, foi instance, those 
of influenza They aftect only household or family gioups, in most 
cases contact with sick paiiots can be pioved Secondly, the occui- 
lence of epidemics coincides exactl) with the impoit of a con- 
signment of sick parrots and diminishes with the prohibition of then 
importation, ceasing entiiel} aftei all the sick paiiots have died 
Thirdl} , It IS difficult to ascertain beyond doubt that a given patient did 
01 did not have contact with a sick parrot 

In leviewing the hteiatuie on the bactenology of this disease one 
finds that numeious organisms have been associated with it Thus, m 
1888, Finklei associated a sti eptococcus with this disease In 1892 
Netler and Gastou demonstiated a pneumococcus in then cases In 
1893 Nocard described the Bacillus psittacosis which he found m the 
manow of pariots and in the wings of paiiakeets that died of this 
disease This was later confiimed by Gilbeit and Fournier,”® who 
found the same oigamsm in the heait’s blood of one of his patients 
In 1920, Peney isolated from a paiiot with psittacosis anothei similar 
oigamsm. Bacillus aetrycke, which he consideied to be the etiologic 
agent In 1928, Thomson descnbed as the cause of the disease 
another organism, similar to that descnbed by Nocard None of these, 
however, aie today considered to be the cause of psittacosis because 
lecently it seems to have been definitely shown that the malady is due 
to a filtrable viius This was suggested by Bedson and his co-woikeis ®- 
in 1930 Since then, Euiopean as well as American investigators have 
confirmed the theory and today the filtrable virus is accepted by most 
workers to be the causative agent It may also be added that Lillie 
has leported finding certain minute, coccoid and bipolar, giam-negatne, 
bacilhform inclusion bodies (Rickettsia psittaci) m the phagocytic cells 
of the alveolar exudate and m mononucleai cells of the alveolar walls 

26 Fmkler, Z Kongr f mn Med , 1888 

27 Netler and Gastou, quoted by Sturdee and Scott (footnote 25) 

28 Nocard, E Conseil d’hygiene du Departement de la Seme, 1893 

29 Gilbert and Fourmer, quoted by Dubief Nouveau trade de medecme et de 
therapeutique. Pans, 1920, no 1, p 306 

30 Pene}^ H M Brit J Exper Path 1 131, 1920 

31 Thomson, A P Practitioner 124 377, 1930 

32 Bedson, S P , Western, G T , and Simpson, S L Lancet 1 235, 1930 

33 Rivers, T M Berry, G P , and Rhoads, C P Psittacosis, JAMA 

95 579 (Aug 23) 1930 Krumvviede, C , McGrath, M , and Oldenbusch, C 
Science 71 262, 1931 Gordon, M H Lancet 1 1174 1930 Armstrong C , 
kIcCoy, G W , and Branham, S E Pub Health Rep 45 725, 1930 

34 Lilhe, R D Pub Health Rep 45 773, 1930 
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These bodies have been found to be associated with psittacosis, not 
only by the original obseiver but also by Levinthal,^^ Coles and others 
The clinical pictuie in psittacosis points to the involvement of two 
s} stems especially, namely, the respiratory and cential neivous sys- 
tems, represented by the pneumonia and the typhoid state respectively 
Since the other organs show the usual changes found in geneial sepsis, 
only the most impoitant obseivations concerning the pathologic changes 
in the lung and neivous s)^stem will be leviewed 

With regal d to the pulmonary changes, there is some difference of 
opinion among pathologists According to Oberndoi f ei the gi oss and 
micioscopic obseivations in psittacosis are almost identical with those 
in influenzal bronchopneumonia Confluent bronchopneumonia, 
bronchitis and bronchiolitis have been described by Hedei schee and 

Points of Diffei cntiatwn in the Piilnwnaty Pathology of Psittacosis and Influenza 


T^ pe of consolidation Lobar 


Ps ttacosis 


Cells lining the ah coll Marked hyperplasia and hypertrophy 
Type of cellular e\u Polymorphonuclear cells are absent or 

date scarce, c'sudate consists of mononuclear, 

plasma and desquamated epithelial cells 


Relation of bronchi to None, bronchioles involved by extension 
areas of consolidation of process from the surrounding lung tissue 

Plbrm deposit Very abimdant throughout 


Character of hemor 
rhagic lesion 
Bacteria in the lung 
tissue 


Associated vith capillary thrombosis and 
severe necrosis of lung tissue 
Scarce or absent except in areas of secon 
dary infection 


Influenza 

Nodular, even vhen 
areas of consolidation 
become confluent 
No marked change 
Numerous polymor 
phonuclear cells, occa 
sionally to the extent 
of suppuration 
Deflnite, capillary 
bronchitis with bron 
chopneumonia 
Scarce, except near in 
volved bronchioles 
Not associated with 
either 

In large numbers 
throughout the lung 


others as the basic change m the lungs in this disease Contrary views, 
however, are held by most pathologists, including such authoiities as 
Wilson and Turnbull,^® who found the changes to be, as Sturdee 
stated it, “different from anything they have previously seen ” 

Since so much controversy is centered about the resemblance between 
psittacosis and influenzal pneumonitis, it will perhaps be helpful, for 
purposes of emphasis, to tabulate the points of diffeiences between these 
two conditions (see table) 

35 Levmthal, W Khn Wchnschr 9 654, 1930 

36 Coles, A C Lancet 1 1011, 1930 

37 Oberndorfer Munchen med Wchnschr 77 311, 1930 

38 Hederschee Nederl tijdschr v geneesk 8 873, 1930 

39 Wilson, G H J Path & Pact 33 957, 1930 

40 Turnbull, quoted by Hutchison R , Rowlands R A an 1 Levv-Simpson 
S Brit M J 1 633 (April 5) 1930 
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Other less constant changes which may be of aid in recognizing the 
pneumonitis of psittacosis are the dark, purplish-blue color of the lung, 
the relative absence of pleural exudate and the occurrence of small sub- 
pleural hemorrhages 

The liteiatuie on the changes in the central nervous system in psit- 
tacosis IS veiy scant, yet as was indicated, the clinical picture points to 
extensive invohement of this system, to wit, the photophobia, lethargy, 
stupor, sluggish speech, slow response, muttering delirium, incontinence, 
severe backaches, ataxia in convalescence and even localizing signs, such 
as facial immobility and muscle jerks All these signs must be based 
on anatomic changes m either the biain oi the spinal cord Sturdee 
stated that congestion and edema in these organs aie not infrequent 
findings The references to studies on these organs, however, are 
very few In one case studied by Oberndorfer, no changes weie found 
in either the brain or the cord Turnbull reported finding ring hemor- 
rhages in the brain and cord in two of Hutcluson’s cases Hegler 
found multiple foci of softening in one case Wilson found no brain 
lesions except atrophy of convolutions beneath a thickened and opaque 
pia-arachnoid Hederschee found internal hemorrhagic pachymenin- 
gitis and a mixed coagulum in the sagittal sinus Peterson found the 
following changes m one case in which he performed and autopsy In the 
brain there was compression of the ventricles with marked dilatation 
of the veins along the septum and tela choroidea The caudate nucleus 
contained large ring hemorrhages The corpus callosum, internal 
capsule, putamen and thalamus were the seats of punctate hemor- 
rhages The hemorrhages showed a tendency to be elongated in the 
direction of the nerve fibers, with an occasional zone of necrosis in the 
center There was also an infiltration with phagocytes and occa- 
sional lymphocytes and polymorphonuclear cells Circumscribed areas- 
of degeneration of m.yehn were also demonstrable The spinal co’d 
was not described 

These are the changes thus far uncovered in the nervous system 
for the neurologist to correlate with the clinical signs How much 
these changes contribute to the cause of death is at present difficult to 
state The vital centers of those dying with signs of marked central 
nervous system involvement may be sufficiently injured to be more 
than a mere contributory factor in the cause of death In those who 
recover, however, there are apparently no residual neurologic changes, 
indicating that in these cases whatever injuries to the nerve tissue 
occurred were not permanent It is obvious that in psittacosis the 
central nervous system needs much more careful study than it has 
been given heretofore 

41 Hutchison, R , Rowlands, R A , and Levy-Simpson, S Brit M J 1 633, 
1930 
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CONCLUSION 

The results of postmortem and bactei lologic examination m a case 
of psittacosis are reported This case was one of a household epidemic 
111 which five were afflicted with the disease, with two deaths, and which 
was traced to contact with newly imported pariots that weie found to 
be suffering from psittacosis 

The pathologic changes found m the lung and spinal coid are 
especially emphasized The resemblance between the pneumonia of psit- 
tacosis and influenza being a contioversial subject, the points of differ- 
ence between these two conditions are tabulated In view of the 
fact that the clinical signs m this disease point to marked involve- 
ment of the central neivous system, the changes m the latter are 
described in detail The scarcity of information m the literature on 
this phase of the subject is pointed out and a plea is made for more 
studies on the changes in the central nervous system in psittacosis 

The history, epidemiology and bacteriology of psittacosis are biiefly 
reviewed 



THE EFFECT OF NITRITES ON PAIN AND ON 
THE MOTILITY OF THE GASTRO- 
INTESTINAL TRACT 

I CLINICAL STUDY '' 

ARGYL J BEAMS, MD 

CLEVELAND 

That iiitiites have some action on the gastro-intestmal tract was 
first called to ni}'^ attention in July, 1926, when a patient, who was being 
treated in the hospital by the Sippy method for a duodenal ulcer, com- 
plained of piecoidial pain The intern inteipieted this pain as angina 
pectoris because he found a slight elevation of the blood pressure during 
these attacks For this reason amyl nitrite was given to the patient to 
inhale The pain was leheved promptly During a subsequent attack 
of pain a duodenal tube was passed, and aspiration of the gastric con- 
tents, which weie high m acidity, gave as prompt relief as the amyl 
mtiite An inciease in the dose of alkalis stopped the attacks 

This experience led me to investigate the eftect of nitrites on the 
gasti o-iiitestinal tiact in other patients who weie suftering with disease 
of the stomach and intestines 

METHOD 

This study comprises two types of observations made on patients 
(1) observations to determine the effects of nitrites on abdominal pain 
of gastric or intestinal origin and (2) observations to determine the 
action of these dings on the motility of the stomach and intestines 
Observations were made on 60 patients having abdominal pain 
aiising from the stomach or intestines 20 with duodenal ulcers , 10 with 
gastric ulcers, 3 with pyloric stenosis, 20 m whom the only apparent 
cause of the pain ivas hypermotility, pyloric spasm or hyperacidity, and 
7 with intestinal cramps 

Amyl nitrite, nitroglycerin and sodium nitrite were the preparations 
used Amyl nitiite was used in most instances because it acted more 
piomptly, and the dose giving the desired ph 3 'siologic action was more 
readily conti oiled than it was with the other preparations The amyl 
nitrite w^as admmisteied b) having the patient inhale the fumes of one 
or two ''pearls” crushed in a piece of gauze They inhaled the fumes 
until the}’' complained of such subjective s^miptoms as throbbing in the 

Submitted for publication, April 25, 1931 
■^From the Medical Clinic of Lakeside Hospital and the Department of Medi- 
cine, Western Reserve Universitj’- 
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head, slight dizziness oi a waim flush feeling, oi until theie weie objec- 
tive signs, such as a lapid pulse or a fall in blood piessuie This usually 
requiied fiom one-half to one minute’s inhalation of the amyl nitiite 
Nitioglyceim was administeied b} placing the diops on the patient’s 
tongue, beginning with 3 diops and iiici easing the dose by a drop 
every two minutes until symptoms showing a leaction to the nitrite 
appealed The aveiage dose lequired was about 7 oi 8 diops 

The action of nitiites on the motility and tone of the stomach and 
intestines was studied by observing their effect on the gastro -intestinal 
tract during fluoroscopic examination The same technic of admmis- 
tiation was employed as has already been desciibed Observations 
were made on 200 persons, a gioup of noimal individuals and on 
patients who showed hypei motility, spasm or some filling defect of the 
stomach or intestines 

In ordei to rule out the possible ps 3 ^chic action from the inhalation 
of amyl nitiite, observations were made on a gioup of patients after 
the inhalation of aiomatic spiiits of ammonia and amyl acetate 
Ammonia was chosen because of the ease with which its penetiating 
odoi produces leflex oi psychic leactions Amyl acetate was chosen 
because the odor is similar to that of am 3 d nitiite 

RESULTS 

Amyl nitrite gave complete lelief fiom pain in twelve of the patients 
with duodenal ulcer, partial lelief in foiii and no lelief m four The 
pain was relieved foi from five to twenty minutes No explanation 
can be offered for the difference m the manner in which the patients 
lesponded to the amyl nitrite as all of them had simple duodenal ulcer 
without complications 

Six patients with gastiic ulcer obtained lelief of pain for from 
five to fifteen minutes aftei inhalation of amjl nitiite, wheieas in foui 
patients with penetrating gastiic ulcei the pain was not conti oiled 
In three patients with pyloric stenosis pioved by operation in whom 
visible peristalsis was obseived, am 3 d nitrite not only leheved the pain 
but caused cessation of the peiistalsis The peristalsis disappeared 
moie promptly than the pain but leappeaied m from three to five 
minutes while the pain was relieved for from five to ten minutes 

In the patients showing only spasm oi 113 pei motility to explain the 
gastric pain, amyl nitrite gave complete relief fiom pain for from fif- 
teen minutes to two houis, and in seven patients with intestinal ciamps 
the pain was leheved for from ten to twenty minutes 

The action of glyceiyl trinitrate on the gastio-mtestmal tract was 
observed m a small number of patients on whom the am 3 d nitrite studies 
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weie made The only difference in the action of these two drugs was 
that amyl nitrite acted more promptly, and the duration of relief from 
pain was shorter 

Sodium nitnte was gn^en to eight patients with duodenal ulcer for 
a period of one week The dose was 1 giain (0 065 Gm ) three times 
a day None of these patients had relief from pain, although they 
responded to amyl nitiite and glyceryl trinitrate Two patients having 
duodenal ulcer with pylorospasm who continued to have pain on alkaline 
therapy and diet, obtained relief with the administration of sodium 
nitrite, and had a letuin of pain when sodium nitrite was discontinued 
In twelve patients with gastric pain m whom spasm and hypermotility 
were the only findings, eight obtained relief from pain with sodium 
nitrite, and four obtained no relief 

In the group of patients on whom fluoroscopic studies were done, 
the most constant action of nitrites on the gastro-intestinal tract was 
cessation of peristalsis and diminished tone (figure) Of two hun- 
dred persons on whom fluoroscopic observations were made, only ten 
failed to show some response to nitrites Five of these had duodenal 
ulcer and five showed no organic lesion The duration of action was 
from two to five minutes with amyl nitnte, and fiom five to ten minutes 
with nitroglycerin 

Deformities in the stomach or the intestines, the result of organic 
lesions, were unaffected, in fact, the defoimity was accentuated when 
the uninvolved portion of the stomach or intestines relaxed In several 
patients there were deformities of the gastro-intestinal tract which 
were not recognized until after amyl nitrite was administered This 
w'^as very well illustrated in a patient, 45 yeais of age, with a histoiy 
of weakness, loss of weight and some distress after eating of three 
months’ duration The physical examination gave negative results, and 
the fluoroscopic examination revealed a slight unevenness in the uppei 
third of the stomach, which was thought to be of no importance After 
the administration of amyl nitrite, the peristalsis ceased and the stomach 
was more relaxed, except for this region which appeared then to be a 
definite deformity Operation revealed carcinoma 

Only SIX patients were observed to have abdominal pain during 
fluoroscopic examination In all these patients vigorous peristalsis was 
seen during the paroxysms of pain Admmistiation of amyl nitrite 
stopped the peristalsis and the pain simultaneously Repeated trials 
were made during the course of the examination, with the same result 

P 3 dorospasm did not yield to nitrites as leadily as might be expected 
Only eight of seventeen patients wdio were observed with pylorospasm, 
showed relaxation when nitrites w^ere administered Six of these cases 
w'^ere extrinsic in origin, and two were presumably intrinsic, for 
theie w^ere defoi unties of the duodenal cap topical of duodenal ulcer 
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Of the nine cases that were not modified by the nitiites, seven weie 
extrinsic and two mtimsic in oiigiii Only thiee cases of cardio- 
spasm weie obseived m this study, two of them showed complete relax- 
ation, and one was not modified by the nitiite 

All the patients showing no lelaxation of the pylorus or caidia in 
response to nitrites were subsequently observed aftei the administration 
of atropine, and it was found that atropine was no more efitectual than 
the nitiites 



Roentgenograms showing the effect of amyl nitrite on the tone and peristalsis 
of the stomach A, stomach showing active peristalsis B, after the inhalation 
of amyl nitrite for one-half minute, peristalsis ceased and tone diminished 


There were twelve patients m whom fluoroscopic examination of the 
colon showed obstruction to the passage of baiium or marked spasticity 
that was suggestive of an organic lesion However, amyl nitrite caused 
complete filling and free passage of barium, while colons with proved 
organic lesions were not modified 

A number of patients showing a definite lesponse to nitrites were 
given aromatic spirit of ammonia or amyl acetate to inhale None of 
these patients had any relief fiom pam, and there was no modification 
of the peristalsis This appaiently ruled out the possibility of a psychic 
reaction to the inhalation of amyl nitrite 


274 


ARCHIVES OF INIERNAL MEDICINE 


REVIEW OF THE LITERATURE AND COMMENT 

Up to the piesent time few obseivations on the effect of nitrites on 
the gasti o-intestinal tract have been recorded The lelief from 
abdominal pain obtained by the administration of nitrites was first 
reported by Frank ^ in 1875 He found that intestrnal cramps caused 
by lead porsoning were r elieved by amyl nitr ite Pal ^ confirmed this 
action of amyl nitrite, and also showed that gastric crises and angina 
abdominalis were relieved by amyl nitrite In 1915 Hirschf elder ® found 
that vigorous peristalsis and spasm of the intestines produced by lead 
poisoning in animals were inhibited b> amj'l nitrite In fluoroscopic 
studies of patients Holmes and Dressei ^ found that amyl nitrite caused 
cessation of peristalsis and was equal to atropine as an antispasmodic 
In the piesent study there has been found a definite action of nitrites 
on ceitain types of abdominal pain, and a very constant action on the 
motility of the stomach 

The cessation of peristalsis and the diminution in the tone of the 
stomach and intestines appear to be the only mechanism of the action of 
nitrites responsible for the relief from pain Proofs for this action are 
( 1 ) cessation of peristalsis or diminution in tone in 95 per cent of all cases 
studied, (2) complete relief from pain observed in all patients in whom 
alteration of motility or tone were the only apparent causes of pain, 
(3) the cessation of peristalsis with diminution of tone and relief from 
pain simultaneously, observed during the fluoroscopic examination of 
some of the patients, (4) disappearance of visible penstalsis and pain 
in patients with pyloric stenosis when nitrites were administered, (5) 
no effect on the secretory function of the stomach 

In the group of patients with organic lesions, there were twelve who 
obtained no relief from pain but showed a cessation of peristalsis and 
diminished tone when nitrites were administered The difference in the 
response to nitrite suggests two possibilities 1 There may be some 
other cause for the pain than gastric tonicity or motility, since it has 
been found that whenever motility or tone is the cause of pain, nitrites 
give relief 2 The tone of the muscle about the ulcer cannot be modified 
by niti ites when the lesion involves the muscular coats by direct extension 
or edema The latter view is supported to some extent by the manner in 

1 Frank, August Ueber die Veranderungen am Circulationsapparate bei 
Bleikolik, Deutsches Arch f klin Med 16 423, 1875 

2 Pal, J Die ■vasomotonschen Begleiterscheinungen der lanzimerenden 
Schmerzen und das Alternieren der tabischer Krisen, Wien med Wchnschr 54 1, 
1904 

3 Hirschfelder, Arthur D Pathologic Physiology of Lead Colic Its 
Relation to Experimental Therapeutics, J A M A 65 516 (Aug 7) 1915 

4 Holmes, G W , and Dresser, Richard The Use of Amyl Nitrite as an 
Anti-Spasmodic, Am J Roentgenol 19 43 (Jan ) 1928 
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which the patients with gastiic ulcers lesponded The only patients of 
this gioup who failed to obtain relief fioni pain weie those with pene- 
tiating ulcers This does not offer an explanation for the failure of 
response in the other patients, but it suggests the possibility that when 
an ulcer involves the muscular coats it may not be modified by nitiites 

The action of nitrites on the pain of gastric and duodenal ulcei s sup- 
poits the theory that the pain is dependent on the motility and tone of the 
stomach rather than directly on the acidity There is no doubt, however, 
that the acidity is an impoitant factor in the cause of pain, as has been 
pointed out by Gonningei,^ Palmer ® and others It is quite possible that 
in some manner the acidity may control the tone of the stomach 

One other impoitant fact called to attention by this study is the 
uni ehabihty of using nitiites as a diagnostic means to differentiate 
angina pectoris from ceitain upper abdominal conditions that may give 
use to precordial or substernal pain, and in those cases of upper abdomi- 
nal pain in which the question of angina pectoris aiises 

The most constant effects of nitrites obseived in the fluoioscopic 
studies were the cessation of peiistalsis and the diminution of tone in the 
stomach and intestines This action has been a gieat aid in diffeientiat- 
ing deformities of functional oiigin from those of organic oiigin This 
was especially true in the fluoioscopic examinations made on the colon 
The functional spasm of the colon were relaxed^ whereas the organic 
deformities were unmodified 

CONCLUSIONS AND SUMMARY 

1 The effect of nitrites on abdominal pain arising fiom the gastro- 
intestinal tiact was obseived in sixty patients All of the patients with- 
out organic lesions weie relieved by the nitrites, whereas of thirty-thiee 
with organic lesions only twenty-one weie relieved 

2 Evidence has been offeied which indicates that the lelief from pain 
by the nitiites is dependent on the cessation of peiistalsis and the diminu- 
tion in tone The failure to obtain relief is probably due to the inability 
of the muscle to relax 

3 Of 200 patients obseived in the fluoioscopic studies only 10 failed 
to show cessation of peiistalsis and diminution of tone in the stomach 
and intestines following the use of nitrites 

4 Nitrites have been found to be a great aid in diffeientiating organic 
deformities from functional ones 

5 As an antispasmodic nitiites are to be preferied to ati opine, but 
neither is wholly satisfactory 

5 Gonnmger, M Zur Diagnose des Ulcus ventnculi, Berl klin Wchnsdir 
45 396, 1908 

6 Palmer, W L Mechanism of Pam in Gastric and Duodenal Ulcer, Arch 
Int Med 39 109 (Jan) 1927 
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Amyl nitrite has been used extensively in the treatment foi angina 
pectoris and hypertension since its introduction by Lauder Brunton in 
1867 Numerous observations, both clinical and experimental, have 
been made on the action of nitrites on the circulatory system, but very 
little attention has been directed toward othei possible actions of these 
compounds The only clinical observations made on the action of the 
nitrites on the gasti o-mtestinal tract are those of Reigel and Frank, Pal, 
and Holmes and Dresser, already referred to in a previous paper ^ The 
only experimental work is that of Hirschfelder, who found that nitrites 
caused cessation of peristalsis m rabbits and cats suffering from experi- 
mental lead colic, and who also showed that this action was not vascular 
in origin but piobably a diiect action on the intestines 

In a clinical study of the effect of nitiites on the gastro-mtestinal 
tract, it has been found that certain types of abdominal pain were 
relieved and that the motility of the stomach and intestines was modi- 
fied by nitrites The mechanism of this action was not determined 
from these studies, but several possibilities were suggested (1) reflex 
action, (2) vascular action and (3) direct action on the intestines 

The present study was undei taken with the hope of determining the 
mechanism of this action on the gastro-mtestinal tract 

METHODS 

Three groups of animal experiments compose this study (1) fluoroscopic 
studies of the gastro-mtestinal tract, (2) direct observations on the stomach and 
intestines and (3) observations on the isolated stomach and on intestinal segments 
1 Fluoroscopic studies were made on the gastro-mtestinal tracts of dogs and 
cats Some of the animals were not anesthetized, while in others barbital sodium 
(225 mg per kilogram of body weight) was employed intrapentoneally or intra- 
venously as the anesthetic An amount of barium sulphate sufficient to fill the 
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stomach moderately was given by tube Nitrites (amyl nitrite, glyceryl trinitrate 
and sodium nitrite), amyl acetate and pilocarpine were administered during the 
course of the fluoroscopic examination The amyl nitrite and amyl acetate were 
given by placing 8 or 10 drops of the drug on a piece of gauze and holding it over 
the animal’s nose and mouth Spirits of glyceryl trinitrate (0 05 cc per kilogram) 
and sodium nitrite (20 mg per kilogram) were given intravenously 

The action of the nitrites on the gastro-intestinal tract was also observed after 
the administration of pilocarpine (1 5 cc of 2 per cent solution intravenously or 
subcutaneously) 

2 In the second group of experiments, direct observations were made on the 
stomach and intestines during the administration of nitrites, amyl acetate and 
pilocarpine The animals employed in these studies were dogs, cats and rabbits 
There were ten animals studied, on which over forty observations were made 

Under barbital anesthesia (mtraperitoneal administration) the femoral vein was 
cannulated, a tracheal cannula inserted, and the abdomen opened m the midline 
Sutures were passed through the edges of the abdominal wall and fastened to rods 
on either side for the purpose of making an extensive exposure of the gastro- 
intestinal tract The stomach and intestines were covered with liquid petrolatum 

A careful study was made of the motility of the stomach and intestines, the 
frequency of the peristaltic waves and the degree of tone before and after the 
administration of nitrites, amyl acetate and pilocarpine being especially observed 
The same technic was followed m the administration of the drug as was described 
previously, except that amyl acetate and amyl nitrite were inhaled through the 
tracheal cannula, the possibility of reflex nasopharyngeal irritation thus being 
eliminated 

3 Kymographic tracings of the rhythmic conti actions of isolated intestinal seg- 
ments of rabbits and of the stomachs of rats were made The intestinal segments 
(about 3 cm m length) were attached to an apparatus for recording the longitudinal 
contractions, and then placed m a 50 cc warming chamber containing either a 
normal Locke’s solution or Locke’s solution the pn of which was corrected with 
sodium hydroxide rather than with sodium bicarbonate During the early part of 
these experiments the latter solution was used accidentally, and it was observed 
that sodium nitrite acted differently than with the normal Locke’s solution For 
this reason it was employed m all of the experiments The solutions were aerated 
and maintained at a temperature of 38 C 

Tracings of the rhythmic contractions of the intestinal segments were recorded 
on smoked drums before and after the addition of amyl nitrite, sodium nitrite, amyl 
acetate or sodium chloride m dilutions of from 1 50 to 1 100,000 

RESULTS 

Fhioi oscopic Studies — Cessation ot peristalsis and relaxation of the 
stomach was always observed subsequent to the administration of 
nitrites, with the exception of amyl nitrite, which infrequently failed 
to have any effect on the motility The action of all the nitrites 
appealed about one-half minute after the administration With amyl 
nitrite the effect lasted fiom three to five minutes, with glyceryl tii- 
nitrate fiom five to ten minutes, and after sodium nitrite from ten to 
twenty minutes Amyl acetate had no effect on the motility or tone 
This confirms the action alieady noted m man The admmistiation of 
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pilocarpine (subcutaneousl}^) caused vigoious peristalsis in the stomach 
and intestines This action occuried in from about two to three minutes 
after the drug had been given Nitrites were quite as effective after 
as before the admmisti ation of pilocarpine, although the effects noted 
were of shorter duration 

Diiect Observations on the Stomach and Intestines — In the experi- 
ments in which diiect obseivations were made on the motility of the 
stomach and intestines, an excellent opportunity was off ei ed to study the 
action of nitrites more in detail and to obtain fairly accurate measure- 
ments of the duration of the action Amyl nitiite was the only nitrite 
prepai ation that failed to pioduce some response every time it was 
administered In one animal amyl nitiite was ineffective, in two others 
it was ineffective on first administration, although subsequently a 
definite response was obtained 

About one-half minute after the administration of amyl nitrite, the 
peristaltic waves of the stomach became shallow and weie less frequent, 
and some of them faded out before reaching the pylorus At the end 
of one minute, the waves were entirely absent, and there was relaxa- 
tion of the stomach The duration of amyl nitiite was fiom two to 
five minutes In most of the experiments the small and large intestines 
acted in the same mannei as that described for the stomach In a few 
instances no action was seen in the intestine, although the stomach 
responded The dui ation of action was the same in both Inhalation 
of amyl acetate had no effect on the peristalsis Glyceryl tiinitrate and 
sodium nitrite had the same effect as that desciibed with amyl nitrite, 
except that the dm ation of action was longer and theie appeared to be 
a more definite lesponse The duration of the action of glyceryl tri- 
nitrate was fiom three to ten minutes, and that of sodium nitrite from 
five to twenty minutes 

After the administration of pilocaipme, vigoious peiistaltic waves 
were seen in the stomach and intestines The waves were very deep, 
and from six to eight contractions per minute w^ere observed in the 
stomach The nitrites continued to have the same mhibitive effect on 
the motility of the stomach and intestines as they had before the admin- 
istration of pilocaipme The dm ation of the action was shorter, and 
at times, with the admmisti ation of amyl nitrite, the only change noted 
was a slowing and very shallow peristaltic waves that failed to reach 
the pylorus Howevei, with glyceryl trinitrate and sodium nitrite the 
action was striking One minute after the administration of the glyceryl 
trinitrate or sodium nitrite the vigorous peiistalsis and hypertonicity 
of the gastro-mtestmal tract w’^ere replaced by lelaxation and inactivity 

Ohsei-vations on the Isolated Stomach and Intestines — With amyl 
nitiite a ver}’- constant effect was seen in all of the experiments Immedi- 
ately f ollowang the mti oduction of the drug into the chamber of Locke’s 
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solution there was a sudden diminution in the tone and cessation of the 
rhythmic contractions (fig 1) This lasted from one to three minutes 
Then there was a gradual improvement m the tone, amplitude and fre- 
quency with complete recovery at the end of from four to ten minutes 
Theie appeared to be a definite relation between the duration of the 
action and the amount of drug introduced 




\ 


Fig 1 — Tracing of an intestinal segment showing the effect of amyl nitrite 
Immediately following the introduction of the drug, there was a fall in tone and a 
cessation of rhythmic contractions 



I 

Fig 2 — ^Tracing of an intestinal segment immersed in Locke’s solution No 
change was seen in the rhythmic contractions until after a total of 0 5 cc of 
a 10 per cent solution of sodium nitrite had been introduced The contractions 
were then irregular, with a decrease in amplitude until they ceased entirely 

Sodium nitrite did not cause as constant or prompt an action as amyl 
nitrite In the expeiiments in which the normal Locke’s solution was 
employed, the effect most frequently observed was a gradual decrease m 
the amplitude and frequency of the contraction over a period of ten or 
fifteen minutes, when contractions entirely ceased (fig 2) Recovery 
was uncommon 
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The action of sodium nitrite was more constant in the Locke’s solu- 
tion pH coirected by sodium hydroxide than in normal Locke’s solution 
Immediately following the introduction of sodium nitrite there was a 
definite increase in tone with a marked diminution in amplitude and fre- 
quency of contractions (fig 3) The rise in tone was of short duration 
(lasting fiom one-half to one minute), and was followed by a gradual 
fall, so that the terminal level was fai below its original level With the 
fall in tone, a temporary improvement in the amplitude and frequency 
occurred, but as the tone decreased, the amplitude and frequency became 
less until often the contractions entirely disappeared In many cases 
recoveiy did not occur, but as a rule lecoveiy was observed In those 



Fig 3 — Tracing of an intestinal segment immersed in Locke’s solution, the 
pB. of which was corrected by sodium hydroxide The arrow indicates the intro- 
duction of 0 2 cc of a 10 per cent solution of sodium nitrite (0 04 per cent) There 
was first a rise and then a fall in the tone, with a gradual diminution in the 
amplitude of the contractions 

segments m which partial recovery occuried, the contractions were 
arrhythmic, the rate was diminished and the conti actions irregular The 
tone usually remained below the original level 

Exceptionally, segments immersed in normal Locke’s solution 
reacted in a manner quite similar to that of segments immersed in 
Locke’s solution corrected by sodium hydroxide As a rule, failure to 
respond to sodium nitrite was more frequent in the presence of normal 
(buffered) Locke’s solution than in the Locke’s solution of the same ps. 
corrected by sodium hydroxide 

Amyl acetate or sodium chloride had no effect on the intestinal seg- 
ments even in much greater concentrations than that employed in amyl 
nitrite or sodium nitrite 
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COMMENT 

The fluoioscopic examinations and the direct observations made on 
the gastro-intestinal tracts of the animals studied offered very little 
information as to the mechanism of the action of nitrites 

In the studies made on the intestinal segments, the nitrites caused a 
definite change in the rhythmic conti actions and tone This action of 
nitrites rules out the possibility of a reflex or vascular action, and places 
the site of action in the intestines It is impossible to state whether or 
not it acts entirely on the muscle with the evidence that is offered 

The failure of amyl acetate to produce any effect on the intestinal 
segments rules out the amyl ion as a possible cause of the actions of 
amyl nitrite observed Sodium chloride had no effect on the rhythmic 
contractions It is quite probable theiefore that neither the sodium ion or 
alterations of isotonic conditions are of significance in explaining the 
sodium nitrite reaction The initial rise seen after the introduction of 
sodium nitrite in the Locke’s solution with the corrected by sodium 
hydroxide is not due to hypertonicity of the nitrite dosage that was 
added to the bath No explanation of this reaction is offered, nor is 
there an explanation for the number of failures in the response m normal 
Locke’s solution compared with Locke’s solution buffeied b) sodium 
hydroxide 



TRANSIENT VENTRICULAR FIBRILLATION 

A STUDY or THE ELECTROCARDIOGRAMS OBTAINED FROM A 
PATIENT WITH AURICULOVENTRICULAR DISSOCIATION 
AND RECURRENT SYNCOPAL ATTACKS * 
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It IS now definitely established from lecorded observations that 
tiansient syncopal attacks occurring in patients with permanent auric- 
uloventiiculai dissociation are due in the mam to one of two con- 
ditions, eithei to complete standstill of the ventricles or to the vaiious 
grades of acceleration leading to ventricular fibrillation The former 
mechanism, which is the more common, has been excellently lepro- 
duced in the dog, in which heart block had been established,^ and from 
correlations with the clinical and giaphic manifestations observed in 
man theie is now a fairly accurate knowledge of some of the successive 
events leading to and following transient ventricular standstill 

Comparable analyses of the disturbances leading to the onset and 
lecovery from transient ventricular fibrillation in the presence of 
aui iculoventricular dissociation are lacking, for spontaneous recovery 
from ventricular fibrillation in the larger intact animal is unknown if 
the rhythm is induced by any of the methods now available - Conse- 
quently, foi the present at least, knowledge of the mechanism responsible 
foi syncopal attacks in which ventricular acceleration instead of ven- 
triculai standstill takes place will have to come from careful observa- 
tions on human beings subject to such seizures 

I am repoiting observations on a patient who suffered sixty-seven 
seizures of unconsciousness during a period of seven months while she 
was at the Montefiore Hospital The duration of these syncopal attacks 
varied from a little over one minute to the longest recorded seizure which 
lasted SIX minutes and two seconds and was followed by recovery 
Electi ocardiograms were obtained of all or of part of twelve such 
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seizures accompanied by S3''iicope, and in each instance the undei lying 
mechanism proved to be ventnculai fibrillation 

From numeious other electrocaidiograms taken of this patient pre- 
ceding, during and subsequent to hei syncopal attacks, it has been pos- 
sible to diaw a fairly accuiate pictuie of the successive alteiations that 
took place m hei heait late and ih}thm piecediiig and succeeding ven- 
tiiculai fibi illation 

REPORT OF A CASE 

Htstoiy — G S, a woman, aged 66 and weighing 112 pounds (50 8 Kg), was 
admitted to the Montefiore Hospital on Julj" 16, 1929, and died on Feb 5, 1930 
Her chief complaints on admission were progressive shortness of breath, weakness 
and recuirent attacks of loss of consciousness Her symptoms were of one year’s 
duration 

In Januaij, 1928, the patient was informed for the first time that she had high 
blood pressure She had been in good health up to that time One day m February 
she suddenly dropped to the floor and became unconscious It was observed by 
members of her family that during such seizures of unconsciousness, she showed 
twitchings of the face and upper extremities, with rolling of hei eyes and profound 
stertorous breathing Between Februari, 1928, and April, 1929, she expeiienced 
eight such seizures Between these attacks she felt perfectly well, except for slight 
headaches, which were more pronounced m the morning Since the middle of 
April, 1929, the attacks of unconsciousness had become more frequent, numbering 
at times several in one day 

In addition to these major and severer attacks, she also complained of briefer 
periods of giddiness and fainting sensations sometimes lasting only a few seconds 
and frequently accompanied by a consciousness of “palpitation” of the heart She 
had had over thirty such spells during one day almost five weeks prior to her 
admission to the Montefiore Hospital, but since that time she had not had any 
major attacks of unconsciousness 

Examination — Examination on admission to the Montefiore Hospital revealed 
an elderly Jewish woman, slightly dyspneic, mentally clear and quite intelligent 
Her lips were cyanotic, but her face and skin had a lemon y^ellow tint All of her 
teeth were missing, which probably accounted for the fact that her tongue showed 
no signs of having been bitten during any of the periods of unconsciousness Her 
pupils were equal, and both reacted to light and in accommodation The light 
carotid artery was thickened, and near the lateral border of the sternomastoid 
muscle It was very stiff and tortuous The superficial jugular veins were markedly 
distended, and 2 and sometimes 3 auricular beats could be seen pulsating to each 
ventricular contraction of the heart The apical impulse of the heart was in the 
sixth intercostal space in the anterior axillary line The heart sounds were of 
poor quality, the first sound at the apex being very weak Occasionally it would 
be loud, and at such times it was noted that the ventricular contraction occurred 
simultaneously with that of the auricle The aortic second sound was markedly 
accentuated 

The pulses were slow, slightly irregular but of good force The ventricular 
rate was approximately 38 beats per minute when counted over a period of several 
minutes In the interventricular silences, 2 and sometimes 3 auricular sounds 
could be heard distinctly near the third intercostal space to the left of the sternum 
The radial arteries were thickened and in parts beaded The blood pressure was 
280 mm of mercury systolic and 80 mm diastolic when the ventricular rate aver- 
aged 38 beats per minute 
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Over the lungs posteriorly only a few moist rales could be heard The abdomen 
was soft and lax, and the edge of the liver was palpable 6 cm below the costal 
margin in the midclavicular line 

Roentgen examination of the chest did not reveal any abnormalities m the lungs 
On fluoroscopic examination the pulsations of the left auricle could be seen inde- 
pendent of the ventricular contractions at the rate of about three and four auricular 
contractions to one ventricular contraction The left ventricle was concentncalh 
enlarged and had a high take-off The aorta was wide and elongated and showed 
in Its arch several calcific plaques 

An electrocardiogram taken on the day of admission revealed left ventricular 
predominance and complete aunculoventncular dissociation The ventricular com- 
plexes were all of the supraventricular form The basic ventricular rate varied 
from 17 7 beats per minute to 24 1 beats, and the auricular rate was 100 beats per 
minute The T waves were markedly negative in all three leads At times there 
was definite bigeminal rhythm, owing to premature ventricular beats 

Coujse — Although the patient had been free from symptoms for the preceding 
five weeks, one day after her admission to the Montefiore Hospital she began to 
complain of short recurrent spells of dizziness At 4 30 p m on July 17, 1929, 
she was seen at the hospital in her first major syncopal seizure 

Preceding this attack she was standing, and her heart rhythm was found to 
be irregular, there being at times definite bigeminal rhythm The basic ventricular 
rate averaged 40 beats per minute, not including the premature ventricular con- 
tractions Infrequently, I could feel the pulse suddenly collapse for a few seconds, 
so that no beats were palpable at the wrist During these short periods the 
patient’s face would become pale, she would shut her eyes, shake her head a bit 
with a few twists of the shoulders and then open her eyes again and sigh verj 
deeply when it was over After a few such minor seizures, the patient became 
suddenly motionless and dropped into an arm chair Her eyes became fixed, her 
face assumed an expressionless attitude and became almost deathly pale, and there 
was intense cyanosis of the lips She suddenly stretched out her hands and legs 
stiffly, and her head turned involuntarily toward the left side and toward the back 
Her eyes began to roll slowly and irregularly to the left and upward She began 
to breathe stertorously with her mouth at first open and then shut tightly, using 
all of her accessory inspiratory muscles She foamed at the mouth A sudden 
convulsive seizure was followed by an intense flush of the face and neck which 
coincided with a barely perceptible slow pulse of about 45 beats per minute at 
first This lasted only a few seconds, and was followed by a rapid pulse rate of 
about 100 beats per minute The pulse rate slowed within four seconds to almost 
40 beats again With the onset of the rapid pulse rate, irregular auricular pulsa- 
tions were again visible in the neck veins As the patient regained her normal 
color she began to breathe more freely, and she asked for a drink of water 

This whole period of syncope lasted about two minutes, during which time no 
auricular pulsations were visible in the neck veins, nor was there any palpable 
pulse at the wrist 

The patient was seen again in another syncopal attack on July 22, at 12 10 
p m At this time the pulse rate seven minutes prior to the seizure was 40 beats 
per minute and irregular The auricular rate as counted from the pulsations of 
the veins in the neck was about 95 beats per minute During this attack, which 
lasted exactly one minute and twenty seconds, clinical observations were carried 
out with only one point in view, and that was to study the auricular rate and 
rhythm, which was made possible by the markedly distended deep veins of the neck 
Her pulse rate was counted at the same time 
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During this seizure no auricular pulsations were visible, nor was there any 
palpable pulse at the wrist, and the heart sounds were totally absent At the 
end of this attack, which was somewhat similar to the preceding one, faintly 
visible but rather frequent and irregular beats were seen m the neck veins 
At first these averaged one to each beat felt at the pulse, then they 
increased in frequency to about 60 beats per minute within the next thirty 
seconds, and subsequently to 120 beats to the minute for the ensuing 50 
seconds The pulse rate was almost equal to the auricular rate, although it was 
slightly irregular and variable Within two minutes after the cessation of the 
attack, there was definite coupling at the wrist, with the rate at 62 beats per 
minute In another minute the pulse rate slowed to 44 beats per minute, and the 
auricular rate, which was now regular, averaged 100 beats 

Within the next five weeks of the patient’s stay in the hospital, she was ambu- 
latory and free from all symptoms During this period she received 30 minims 
( 1 84 cc ) of saturated solution of potassium iodide daily At first the frequency 
of the attacks m the ensuing weeks was attributed to the effects of the drug, but 
the seizures became even more frequent when the drug was omitted 

A total of sixty-seven syncopal attacks with epileptiform seizures were noted 
between the day of her admission to the hospital and the day of her death, when 
she was seen in her last attack, which lasted almost thirteen minutes but consisted 
of several rapid recurrent seizures of transient \entricular fibrillation, one following 
the other in rapid succession, with alternate restoration of the basic and dominant 
ventricular rate and rhythm 

ALTERATIONS IN THE ELECTROCARDIOGRAM PRECEDING 
VENTRICULAR FIBRILLATION 

Piolonged observations on the patient whose case has been reported, 
following the first recoided attack and its premonitoiy period, have 
amply demonstrated the possibility of recognizing in her clinically the 
onset and appearance of transient ventricular fibrillation in practically 
the order revealed by the electrocardiograms 

Although the records of the several syncopal attacks differed 
slightly at both the onset and offset, depending in part on the duration 
of the seizures, the stages preceding the onsets of ventricular fibrilla- 
tion were fairly constant and uniform, judging from the electrocardio- 
grams obtained It is probable that similar seizures in other patients 
with complete auriculoventricular dissociation and transient ventricular 
fibrillation are preceded by like events, differing only in the premoni- 
tory period, which may last, as in this patient, only a few hours at one 
time and several days at another 

The average basic ventricular rate oscillated between 28 and 36 5 
beats per minute (fig 1) The lowest regular ventricular rate recorded 
was 17 5 beats per minute at a time when the patient was up and about 
The Q-R-S complexes were all of the supraventricular form, but were 
followed by an unusually large, wide and completely inverted T wave. 
Infiequently, the Q-R-S complexes were variable from beat to beat 
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m height as well as in duration, often assuming transitional changes 
from a dextrocardiogram to a levocardiogram and vice versa 

In the intervals between the syncopal attacks, the basic ventricular 
rate was regular, and was not influenced by exeicise or by sleep 
during the day It was not affected by the subcutaneous administra- 
tion of atropine sulphate in doses of 1/50 of a gram (00019 Gm ) 
or by pressure over either caiotid artery or on the eyeballs 

A ventricular rate of 36 beats per minute could be increased tem- 
porarily, but only for a few minutes, to 41 beats, at a time when no 



Fig 1 — Left ventricular preponderance Complete aunculoventncular dissocia- 
tion The ventricular complexes were all of the supraventricular form The T 
waves were negative m all three leads The basic auricular rate was 93 7 The 
basic ventricular rate was 36 5 

extrasystoles weie present, by the subcutaneous injection of 0 5 cc of 
a 1 1,000 solution of epinephrine No premature beats of the ventricles 
could be elicited in this way 

During the presence of a regular ventricular rate, the auricles also 
beat regularly, but their rhythm was independent of that of the ven- 
tricles At times a slight irregularity was present because of shorten- 
ing of the interauncular periods during the presence of a ventricular 
contraction The auricular rate was easily accelerated temporarily by 
exercise and the subcutaneous administration of atropine sulphate in 
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doses of 1/100 giain (0 006 Gm ) subcutaneously Howevei, lepeated 
piessure over the light carotid artery did not influence their late oi 
1 hy thm 

On several occasions when tracings and heart counts weie made 
on the patient lepeatedly throughout the day, the basic ventricular late 
preceding the onset of ventiicular fibrillation behaved somewhat simi- 
larly to that observed by me pieviously m a patient with complete 
auriculoventricular dissociation who had been deeply undei the influence 
of toxic doses of digitalis ^ 

At fiist there was a giadual increase m the basic ventiiculai late 
fiom an average of 28 beats during the presence of auriculoventi iculai 
dissociation to a ventiicular late of 42 8 beats, with the appeal ance of 
a partial heait block and a legulai amicular rate of 83 3 beats, two 
auricular coiiti actions being followed by one ventriculai systole (fig 2) 
Aftei a few houis of this ihythm, which remained uninfluenced by 
effective doses of ati opine or by carotid sinus pressure, there was a 
spontaneous increase in the late of the auricles to 103 4 beats and the 
leestabhshnient of complete auriculoventnculai dissociation with a 5 2 
sequence (fig 3 A-E) 

Clinically, this ihythm resembled somewhat that of a bigemmy, but 
the electrocai diogi ams revealed this iriegularity to be due to an adapta- 
tion of certain auricular conti actions to that of the ventiicles, producing 
alternately piolonged and shoiteiied interventricular periods depending 
on the simultaneous contractions of each thud auricular beat to that of 
the ventricles 

In the electrocardiograms, the Q-R-S deflections appealing at the 
time of a superimposed contraction invaiiably assumed the form of a 
dextrocardiogram (fig 3 A, C) This was not meiely a fortuitous 
observation, since it was eiicounteied on more than one occasion when 
recoids were taken over a long period of time^ 

This condition, simulating a bigeminal rhythm clinically, aftei pei- 
sisting foi a little over one hour at one time and several houis at 
another was suddenly tiansfoimed into a 2 1 heait block, with an 
increase of the ventricular rate to 46 8 beats pei minute and an auiic- 
ular rate of 93 7 beats, wheieas pieviously the amides had a late of 
103 4 beats (fig 3 E-F) 

A fuither increase in the dominant ventiicular late to 50 beats 
before the onset of ventiicular fibrillation at one time was accompanied 
by similar transitions, as has been desciibed, only at a higher late of 
both the auricles and ventricles 

3 Schwartz, S P The Action of Digitalis in Complete Heart Block, Its 
Toxic Influence on the Idio- Ventricular Rate and Rhythm, Am Heart T 4 408 
1929 

4 All these studies were carried out on lead 2 only 




Fig 2 — Apparent partial heart block with a regular ventricular rate of 42 8 beats and an auricular rate of 83 3 The 
mam ventricular deflection was downward m lead 2, as compared with the previous recoid 
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On several occasions, it was possible to legister seiztiies of paroxys- 
mal ventricular fibrillation coming in rapid succession at mteivals of 
from one-half to one minute, the patient alternately legaming conscious- 
ness with the restoration of the basic ventricular rhythm At such 
times the ventricular rate, when recorded between the attacks and pre- 



Fig 4 — Continuous strip , lead 2 only A, the end of a seizure of transient ven- 
tricular fibrillation, B, the postundulatory pause, C, the onset of the intermediary 
idioventricular rhythm , F, the establishment of the basic ventricular rhythm , G, a 
premature beat initiating the tachj systolic stage {G-I) preceding another seizure 
of transient ventricular fibrillation 

ceding a period of syncope, aveiaged 50 and 62 5 beats, respectively, 
per minute, and was almost regular for long peiiods at a time (fig 
4 F-G) 
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In shoit, a paroxysm of ventricular fibrillation was always pie- 
ceded by a gradual acceleiation through stephke progressions of both 
the basic auiicular and ventricular rate, the highest regulai ventiicular 
rate lecorded being 65 2 beats per minute 

In addition to these increasing vaiiations m the rate of the domi- 
nant auricular and vcntiicular ihythm, premature beats of a distinct 
type and appearing at hist alternately, so as to foim a bigeminal rhythm, 
began to disturb the legulanty of the heart The electrocai diograms 
reveal that these exti asystoles invariably and uniformly arose from 
the same focus (fig 4 G and fig 5 B, D) Both the Q-R-S complexes 
as well as the T waves aie distinctly different in size, shape and foim 
fioni those of the dominant ventiiculai beats 

When the mam complexes of the basic ventiicular ihythm are dex- 
trograms instead of levograms, these initial alternate extf asystoles 
assume a slightly diffeient form, but they are of the same character 
when the phenomenon is lepeated, their voltage and duration being 
almost the same, the intervals measuring slightly less or more than 
twelve hundredths of a second (fig 6 B, C,D, E) 

The electiical deflections that follow these alternate extra beats, 
so as to mciease further the ventricular late and disturb the regulai 
rhythm, are very variable fiom time to time 

The onset of their appearance is also variable Fiequently, only 
two extia beats aie added to the bigemmy, and this sequence of events 
IS repeated as such or is occasionally inteirupted by a trigeminal or 
polygeminal ihythm coming at almost regular intervals aftei 2, 3 oi 4 
legulai auiicular beats precede it (fig 5 B-C and fig 6 E-F) 

Infrequently, gioups of from 5 to 10 beats would disrupt Jus 
ihythm, each extra beat so superimposed on the other as to distoit 
the contoui of the mam ventiicular deflection (fig 5 D-E and fig 6 B) 
The auriculai sequence does not appear to be disturbed during these 
short luns of superimposed ventnculai beats Clinically, at such times, 
the patient was never obseived to have lost complete consciousness 
While such short luns of from 5 to 10 beats were obseived to dis- 
tuib the rate and rhythm foi houis at a time, ventricular fibrillation 
with definite syncope was not ushered m unless the basic ventnculai 
late as well as the auriculai late had definitely increased independent 
of the piesence of piemature beats 

ALTERATIONS IN THE ELECTROCARDIOGRAM DURING 
VENTRICULAR FIBRILLATION 

The onset of every recorded seizure of ventricular fibrillation in the 
patient was initiated (comparisons are made of lead 2 only) by a \en- 
triculai extrasystole that was always of the same character and appar- 




Fig S — Continuous strip , lead 2 only The mam ventricular deflection is a levocardiogram , periods of reexcitation con- 
sisting of a succession of ventricular beats, superimposed on each other so as to increase the ventricular rate of 300 beats per 
minute Note that the initial ventricular deflection initiating these short runs is always of the same shape, size and form 





Fig 6 — Continuous strip, lead 2 only The main ventricular deflection is a dextrocardiogram Recurrent groups of 
ventricular beats interrupted a slow basic ventricular rate Note that the premature beat initiating each group is always of 
the same shape and form The auricular rate of 115 3 beats was regular and not disturbed by the periods of ventricular 
reexcitation The patient complained of dizziness and spots before the eyes at such times 
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ently aiose iiom the same focus m the ventricle This deflection, 
measuiing 0 12 second and accompanied by an unusually large T wave, 
was followed by a series of Q-R-S complexes, one superimposed on 
the othei, which for 2 oi 3 heats at the most were of large size 
(fig 4 G) Sometimes this exti asystole ^^ould be followed for sev- 
eral beats by complexes similar m form to it hut smaller in amplitude 
A sudden inciease m the ventnculai rate to approximately 120 heats 
would then continue foi eight or ten seconds before the appeal ance of 
smallei, moie regular and faster oscillations This “tachysystolic” 
stage immediately preceding ventnculai fibi illation was due to a ven- 
tiiculai arrhythmia with deflections that appeared to aiise from multiple 
foci of the lentiicles 

On one occasion a peiiod of unconsciousness with epileptifoim 
seizures lasting ovei four minutes was initiated by an irregulai ven- 
triculai tachycardia with a late of 125 beats pei minute, lasting foi 
26 2 seconds befoie ventricular fibrillation set in The ventricular 
complexes of this “tachysystohc” stage, although lower m amplitude, 
resembled very closely the usual initial ventnculai* extrasystoles asso- 
ciated with the onset of ventiicular tachysystole oi fibrillation (fig 
8 B-C) 

During a typical major peiiod of syncope accompanied by epilepti- 
foim seizures, the rate of the ventricular oscillations varied fiom a 
minimum of 250 beats per minute to a maximum of 1,000 beats The 
oscillations duimg this period differed from each other in amplitude 
and duiation and there was a periodic waxing and waning of the 
electrical deflections, some of the waves being gi eater in voltage than 
those of the basic ventricular deflections (fig 7) 

This phasic vaiiation in the deflections of the electrocai diograms 
peisisted until the end of the syncopal attacks 

A few seconds befoie ventricular fibrillation ceased, however, the 
oscillations inci eased in amplitude, reaching at times a voltage of 30 
mm, the deflections became wider and more iiiegular, some being 0 4 
second m duiation, they were distinctly separated from each othei by 
a shoit internal, and then an abrupt change m the mechanism followed 
(fig 9, lead 1 and fig 10 5) 

MODE OF RECOVERY 1 ROM VENTRICULAR FIBRILLATION 

Two distinct modes of lecovery from ventricular fibrillation weie 
obseived In one type, the fibrillation ceased promptly and was followed 
by a postundulatory pause varying fiom 0 8 second to 1 second (fig 
4 jB) The basic ventricular rhythm did not appeal, however, foi 
several seconds after this and it was preceded by an idioventiicular 
ihythm, vith a slightly iriegular late averaging 60 beats per minute 
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Fig 7— Continuous strip, lead 2 only Record obtained during a period ol 
unconsciousness The ventricular rate varied from 300 to 1,000 beats per minute 
There was periodic waxing and waning of the atypical ventricular complexes 
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Fig 8 — Continuous strip, lead 2 only A period of tachysystole with a slightly 
irregular ventricular rate of 150 beats per minute followed a basic ventricular rate 
of 65 2 beats and preceded a transient seizure of ventricular fibrillation The 
auricular rate kept pace with the ventricular in this stage 
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Although the initial beat of this idioventi iculai ihythm was occasionally 
different (fig 4 C), the complexes foimmg this ihythm weie usually 
all of the same form They were wide deflections with abnoimally 
laige T ^^aves, some of which inci eased piogiessnely m size (fig 
4 D-E) 

The second type of lecoveiy was also sudden, but was not followed 
by a postundulatoiy pause A caieful study of such a record of 
recoveiy leveals an idioventiiculai beat initiating an idioventi iculai 
rhythm with venti iculai complexes totally diffeient fiom those of the 



Fig 9 —Three leads taken m rapid succession The end of a period of transient 
ventricular fibrillation, best seen in lead 1, was followed by a tachysystole of 160 
beats per minute prior to revival of the normal mechanism 


dominant and basic rhythm (fig 10 B) A postundulatory pause is 
not visible since an idioventricular beat is seen to arise from the last 
of the waves terminating the venti icular fibrillation 

As in the previous type of lecovei}^ this rhythm, averaging about 
60 beats per minute, lasted only from nine to twelve seconds before 
the appearance of the basic ventricular rate, which was always high 
(60 to 90 beats per minute) even in the presence of complete auriculo- 
ventriculai dissociation The onset of the dominant rhythm seems to 
have some definite relationship to the appearance of auricular con- 
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tractions (fig 4 E-F) Complete restoiation of the usual rhythm 
following ventiicular fibrillation was observed to come after three suc- 
cessive auricular contractions appealed subsequent to an idioventricular 
beat 

On one occasion transition fiom ventnculai fibrillation to the basic 
rhythm was giadual, and it was interrupted by a tachysystohc stage with 
a ventiicular rate of 120 beats pei minute, the ventricular complexes of 



Fig 10 — Continuous strip, lead 2 only Record obtained at the end of a peiiod 
of unconsciousness which coincided with cessation of a seizure of transient ven- 
tricular fibrillation The intermediary idioventricular rhythm preceding the develop- 
ment of the basic ventricular rate may be seen between B and C 

which varied in size, shape or foim from beat to beat The auriculai 
rate during this period of recovery kept pace with the ventricular rate, 
and restoration to the basic rhythm took place as m the previous 
recoveries, the dominant beat appearing after three successive auriculai 
beats (fig 9, leads 1, 2 and 3) 

When clinical ana graphic correlations were made, the return to 
consciousness coincided with the teimination of the ventricular fibrilla- 
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tioii and the appearance of either the idioventricular rhythm oi the post- 
fibrillation period of tachysystole 

COMMENT 

These obseivations reveal that syncopal seizuies m patients with 
auriculoventiicular dissociation may result from ventiicular fibrillation. 
A few such cases are lecorded in the hteratuie^ It is of paiticular 
interest to note that the mechanism responsible foi the syncopal attacks 
in this case was always of the same natuie when lecorded, namely, 
ventricular acceleiation instead of ventiiculai standstill, which has been 
observed in others It is most likely that the other unrecoided seizuies 
observed in this patient were also of the same nature and not due to 
ventricular standstill, for the premoiiitoiy peiiods and periods of lecov- 
eiy noted clinically lesembled each othei vei}'^ closely and were similai 
to those recorded In this instance eveiy syncopal seizuie, whether 
lecorded graphically or studied clinically, was preceded by a definite 
progressive increase in the basic ventiiculai late from an average of 
38 beats per minute to as high as 65 2 beats Consequently, the 
ei roneous impression gained from some studies ® that syncopal seizui es 
nevei occui in patients with auriculoventncular dissociation if the 
established ventriculai late is greater than 25 beats per minute should 
be discarded 

It is very likely that this gradual increase in the legulai ventricular 
1 ate with steplike progressions is a necessary pi ecui soi in the mechanism 
responsible for the development of ventiiculai fibrillation in this patient 

There is experimental evidence that the ventricles ai e able to assume 
a higher late of rhythm more readily if this rate is approached giadu- 
ally than if it is approached abruptly It has been shown by Mines ’’ 
that with increasing frequency of stimulation, each wave of excitation 
in the heart muscle is propagated more slowly, but lasts a shorter time 
at any one point in the muscle The wave of excitation becomes slower 
and shorter Similarly, the refractoiy phase is shoitened It follows 
that by gradual acceleration, the ventricles can be caused to beat at a 
higher late than if the rate of stimulation is abiuptly raised 

While the experimental evidence for this phenomenon is based on 
the increase in the ventricular rate during the presence of sinus rhythm, 
I have also observed it in a patient with complete auriculoventncular 
dissociation following the administration of toxic doses of digitalis ® 

5 Davis, D, and Sprague, H B Ventricular Fibrillation Its Relation to 
Heart Block, Am Heart J 4 559 (June) 1929 

6 Read, J M Complete Heart Block , Roentgen-Kymograpliic Study Arch 
Int Med 45 59 (Jan ) 1930 

7 Mines, G R On Dynamic Equilibrium m the Heart, J Physiol 46 34 
•1 ^ 
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In a woman with complete heart block and a basic ventricular rate 
of 37 3 beats per minute, the sequence of events after the use of 
digitalis in more than the “average therapeutic dose” was almost exactly 
the same as the premonitory peiiod observed in the patient whose case 
is herewith reported when this period was studied prior to the onset of 
a seizure of tiansient ventiicular fibrillation 

At first, there was an increase in the ventnculai late from 37 3 beats 
per minute to 48 4 beats From then on the increase in the idioventri- 
culai rate was progiessive, until it reached 65 2 beats pei minute, inde- 
pendent of the presence of any premature beats On several occasions 
m this period of gradual acceleration, the electiocardiogiams revealed 
abrupt changes from a complete aunculoventi icular dissociation to what 
appeared as 2 1 partial heart block, and this was invariably accom- 
panied by a transition of the Q-R-S complexes fiom a dextrocardio- 
gram to a levocardiogram and vice versa, as the ventricular rate 
progressively increased In the meantime, at a point wheie the basic 
ventricular rate averaged 53 5 beats, extrasystoles of an unusual type, 
with high voltage and wide deflections, began to interrupt the regular 
basic rhythm At first these appeared alternately so as to form a bigem- 
inal rhythm, but as the diug became more effective and the basic 
late was acceleiated, gioups of beats began to disrupt the regular 
rhythm These came in series of 2, 3 and 4 at a time, and resembled 
closely the periods of leexcitation seen in the accompanying lecords 
(fig 5 B) 

Unfortunately, observations on this paiticular patient had to be 
discontinued because of the onset of systemic toxic manifestations 
There is good reason to believe, howevei, from other peisonal obser- 
vations on similar patients with complete heart block, that ventnculai 
fibrillation following the use of toxic doses of digitalis always appears 
after the basic ventricular late has been gradually accelerated 

It IS obvious from a study of innumerable electrocardiograms taken 
in both instances that the transitions from a lower ventiicular rate to 
a higher one, with the accompanying variations m ihythm, are always 
initiated by an extrasystole These extrasystoles initiating a new 
rhythm during the premonitory period are all of the supraventriculai 
type (fig Z E) The extrasystoles initiating the periods of ventiicular 
fibi illation, however, are always abnormal and are of an extremely wide 
deflection (figs 5 and 6 5) This has also been observed experi- 
mentally, when transitions from one rate of the ventricles to another 
have been induced by a suitably placed exti asystole 

Both the progiessive increase m the late of the beating of the 
ventricles, whether spontaneous or induced by digitalis, as well as the 
fact that the onset of each period of ventricular fibi illation observed 
m these studies was initiated by a distinct type of stimulus (an extra- 
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systole of a particular type) or the last of almost successive similar 
stimuli (fig 4 G, H), SLS has been observed experimentally,® support the 
hypothesis that a circus movement underlies the mechanism of ventricu- 
lar fibrillation ® 

Further progress in such studies would be of value if there was 
a more intimate knowledge of the factors responsible for the spon- 
taneous acceleration of the ventricles in patients with aunculo ventricular 
dissociation subject to transient periods of ventricular fibrillation 

The present observations are still too meager to attempt a classifi- 
cation of the vaiious stages of the fibrillatory contractions of the 
ventricles as pictured in the electrocardiograms The drawbacks to 
such graphic interpretations have recently been well pointed out by 
Wiggers,’^” and the fact that most of the appended records were taken 
with lead 2 only is the more reason for postponing this phase of study 
and a comparison of these records with those obtained in animals 

It will suffice to state that the longest period of syncope observed in 
this case, that is, six minutes and two seconds, with spontaneous revival 
following It, as confirmed by the electrocardiograms, was associated 
with an acceleration of the ventricles that does not resemble very 
closely records of ventricular fibrillation observed m animals 

Of particular importance, in the light of recent researches,^^ was 
the mode of spontaneous recovery of the heart observed in this patient. 
At times fibrillation ceased promptly, a postundulatory pause followed, 
and revival was initiated by an idioventricular rhythm Even when a 
postundulatory pause was not to be seen, recovery took place through 
the intermediary idioventricular rhythm, with impulses originating m a 
focus different from that of the basic ventricular rhythm This sequence 
of events may bear some relationship to future studies m the therapy 
for ventricular fibrillation in man, since recovery somewhat similar 
in type to this mechanism has been seen by Wiggers to follow the 
use of calcium with massage after all movements have ceased m a 
heart in which ventricular fibrillation had been induced experimentally 
by the intracaidiac injection of potassium chloride solution 

8 Mines, G R On Circulating Excitations in the Heart Muscles and Their 
Possible Relation to Tachycardia and Fibrillation, Tr Roy Soc Canada, ser 3 
8 43, 1914 Levj’-, A G The Relation Between Successive Responses of the 
Ventricle to Electric Stimuli and Ventricular Fibrillation, J Physiol 49*54, 1914 

9 Mines (footnote 7) Garrey, W The Nature of Fibrillary Contraction 
of the Heart , Its Relation to Tissue Mass and Form, Am J Physiol 33 397, 1914 

10 Wiggers, C J Studies of Ventricular Fibrillation Caused by Electric 
Shock II Cinematographic and Electrocardiographic Observations of the Natural 
Process m the Dog’s Heart, Its Inhibition by Potassium and the Revival of 
Coordinated Beats by Calcium, Am Heart J 5 351, 1930 

11 Wiggers, C J Studies on Ventricular Fibrillation Produced by Electric 
Shock III The Action of Antagonistic Salts, Am J Phjsiol 93 197, 1930 
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SUMMARY 

1 A study was made of the electiocardiograms of a patient with 
auriculoventncular dissociation, who suffered fiom sixty-seven seizures 
of unconsciousness during a period of seven months while she was at 
the Montefiore Hospital 

2 Each syncopal seizure was associated with periods of ventricular 
fibi illation The longest recorded attack with spontaneous recovery 
lasted SIX minutes and two seconds 

3 The alterations in the electrocardiogiams preceding a syncopal 
seizure consisted of a gradual acceleration through stephke progressions 
of both the basic auricular and ventiicular rates, the highest regular 
ventricular rate recorded being 65 2 beats per minute before ventricular 
fibrillation set in 

4 Periods of leexcitation of from 4 to 11 beats at a time were 
observed to appeal during the piemonitoiy period, heralding the 
approach of a seizuie of unconsciousness 

5 The onset of every lecorded seizure of ventiicular fibrillation in 
this patient was initiated by a ventiicular exti asystole which was always 
of the same character and aiose from the same focus in the ventricle 

6 The ventricular rates during the periods of ventricular fibrillation 
varied from a minimum of 250 to a maximum of 1,000 beats per 
minute 

7 Spontaneous revival usually coincided with cessation of ventricu- 
lar fibrillation The mode of recovery w^as variable, but the restoration 
of the basic rhythm was preceded by an idioventricular rhythm, with 
a slightly irregular ventricular rate following, as a i ule, a postundulatory 
pause 

8 Periods of unconsciousness in patients with auriculoventncular 
dissociation are associated wuth transient seizures of ventricular 
fibrillation much more commonly than has been suspected hitherto 

9 A clinical diagnosis of transient ventiicular fibrillation may be 
suspected in such patients, if pieceding a period of unconsciousness the 
heart rate has been noted to increase above that of the usual basic rate 



CHRONIC ARTHRITIS 


WITH SPECIVL REFERENCE TO INTRAVENOUS 
VACCINE THERAPY 

AIACNIDER WETHERBY, MD 

AND 

B J CLAWSON, MD 

JIINNEAPOLIS 

Much diffeience of opinion exists concerning what chionic joint 
diseases should be included in the term chronic aithritis There are the 
changes, mostly pioliferative, which from the anatomic appearance 
might well be considered infectious m nature The relation of an 
infectious piocess to the joints showing letrogressive changes in the 
bone and cartilage is not so evident Nichols and Richaidson,^ how- 
ever, noted a decided ovei lapping m these two processes The question 
aiises whether the various anatomic piolifeiative and degeneiative 
changes noted in nonspecific joint disease may not be different mani- 
festations of a common iiijuiy The finding of an etiologic agent would 
help in dealing up the concepts of chronic joint diseases If an oigan- 
ism could be shown to have an etiologic relationship to the vaiious 
anatomic forms of joint disease commonly called chronic arthritis, 
expel iments toward combatting this organism could be started With 
these ideas in mind and consideiing the recent experiments relative to 
intravenous vaccination in acute iheumatic fevei,^ the present work 
was started 

The purpose of the woik lepoited in this papei was to study a series 
of patients with chronic aithritis in respect to classification, etiology 
and intravenous vaccine treatment The chief emphasis was placed on 
the vaccine treatment 

MATERIAL 

The patients weie from the outpatient depaitment of the Univeisity 
of Minnesota Hospital In selecting cases for arthritic study, one chief 
criterion (joint pains) was followed It was considered necessary that 

Submitted for publication. May 18, 1931 

^ From the Department of Medicine and the Department of Pathology, Uni- 
\ersity of Minnesota 

1 Nichols, F H , and Richardson, F L Arthritis Deformans, J M 
Research 21 149, 1909 

2 Clawson, B J Experiments Relative to a Possible Basis for Vaccine 
Therapy m Acute Rheumatic Fever, J Infect Dis 49 90 (July) 1931 
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the joint pains should have been present almost constantly for at least 
several months preceding the admission for treatment In most cases, 
the pain had been present from one to twenty years In neaily all, 
multiple joints were involved The patients ranged in age from 18 
to 78 years The great majoiity showed joint involvement demonstrated 
by physical and roentgen examinations Before the vaccine treatment 
was begun, most patients had the following examinations A complete 
physical examination, including a Wassermann test and blood and 
urine studies, a roentgen examination of one or more joints, blood 
culture, a test for the agglutination titer of the serum with Streptococcus 
vindans, and an intracutaneous skin test with a suspension of Strepto- 
coccus viridans One hundred patients with chronic arthiitis have been 
treated up to the present time 


CLASSIFICATION 


There has been much discussion of the etiology and classification 
of a large gioup of pathologic joint conditions The etiologic factor 
has been well accepted in such cases as tuberculous, syphilitic, gonor- 
rheal, traumatic and gouty joint involvement Other joint conditions 
have met with much less univeisal agreement as to etiology and classi- 
fication This lack of agreement is illustiated by the folloi\ing classifi- 
cations commonly used 


British 

I Rheumatic fever 
II Rheumatoid 


III Osteo-arthritis 


American 
I Rheumatic fever 
II Proliferative 

Infectious (roentgen) 
Atrophic 
III Degenerative 

Hypertrophic (roentgen) 


Most authors have tended to diaw a sharp line between rheumatic 
fever and the other arthritides The chief causes for division have 
been (1) the tendency of rheumatic fever to be complicated by endo- 
carditis, which raiely occurs m more chronic forms of arthritis, (2) 
the tendency of the joint involvement m rheumatic fever to subside 
without obvious permanent damage Many cases of so-called rheuma- 
toid arthiitis (proliferative infectious, atiophic) are difficult to dis- 
tinguish clinically from iheumatic fevei In some cases clinicians may 
wait several weeks or several months before making a diagnosis The 
final diagnosis is influenced by the persistence of joint involvement or 
the presence of an endocarditis A few patients with typical clinical 
iheumatic fever and, in some instances, an associated endocarditis may" 
manifest progressive chronic joint disease In our series we are unable 
to place a number of patients definitely'' m the accepted classifications, 
and we see a giadual graduation in clinical types from those termed 
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iheumatic fever to those termed degeneiative arthritis If the active 
infection has subsided the clinical manifestations are different than 
when the infection is peisisting as it is m our series 

The loentgen findings m our series have shown all types of change 
The degree of loentgen involvement cannot be taken as a definite guide 
of the clinical severity of a given case The changes shown by roent- 
genography are much less marked in relation to the clinical condition 
piesent in younger than in older patients Marked new bone forma- 
tion IS infrequent in young arthritic patients, while involvement of the 
synovial membrane and periarticular tissues is usually prominent Sec- 
ondaiy muscular atrophy often plays a piomment role m the disabilit}^ 
piesent m many peisons with aithritis, and this too is not evident fiom 
loentgen examination The active infectious process in certain young 
patients may of itself deal up and leave them crippled for life with 
capsular and periarticular changes and musculai atrophy In such a 
case there would probably never be new bone foimation or a change 
m the roentgen appearance, even though the patient might live many 
years, unless a reinfection were to take place in later life Later, under 
case leports there will be given detailed roentgen findings in correla- 
tion with the clinical pictuies piesent in peisons with positive blood 
cultures Roentgenography, while of definite value in determining cer- 
tain types of joint damage, has also added to the general confusion of 
classification of joint disease 


ETIOLOGY 

At present there is a decided lack of agieement m opinion 
conceimng the etiology of chionic arthritis Recent work strongly sug- 
gests the streptococcus as the active agent In 1920, Richards ® cul- 
tured the blood of 114 persons with chionic arthritis Streptococcus 
viridans in pure culture was found in 14 (12 2 per cent) 

Cecil, Nicholls and Stainsby ^ in two reports (1929 and 1931) stated 
that they had lecovered streptococci from the blood of patients with 
chronic arthiitis In their last senes of 154 cases of rheumatoid 
arthritis, they obtained streptococci from the blood in 96 cases (62 3 
pel cent) They also obtained streptococci fiom the joints m 33 of 
49 cases (67 3 pei cent) 

In our senes, blood cultuies were obtained in 57 cases of unselected 
types of chronic arthritis and from 50 noimal peisons The blood 
of both arthritic and noimal persons was cultuied in the same mcu- 

3 Richards, J H Bacteriological Studies in Chronic Arthritis and Chorea, 
J Bact 5 511, 1920 

4 Cecil, R L , Nicholls, E E , and Stainsby, W J The Bacteriology of 
the Blood and Joints in Chronic Infectious Arthritis, Arch Int Med 43 571 
(May) 1929, The Etiology of Rheumatoid Arthritis Am J M Sc 181 12, 1931 
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bator and examined m the same manner The examiner had had no 
knowledge of the histones of the cases and could not, therefoie, be 
prejudiced m the search for organisms The blood of the normal 
pel sons was cultuied as a control against contaminations from the air 
and the skin and to determine whether streptococci might be found 
frequently m blood cultuies of all peisons 

The technic ^ was the same as that used previously in culturing 
blood from patients having acute rheumatic fever In 7 of the 57 
cases of chronic arthritis, staphylococci were found m the blood cul- 
tures Streptococci m pure culture were found in 25 of the remaining 
50 cases (50 pei cent) A positive streptococcus culture was obtained 
from one of the 50 noimal persons (2 per cent) This person was 
found later to have had a pelvic infection when the blood foi cultuie 
was taken 

One of the twenty-five strains of stieptococci lecovered fiom the 
blood of the patients with chronic arthritis was a typical hemolytic 
streptococcus The remaining twenty-four either were of the viridans 
type or were inactive on the blood agai plate They do not represent 
a special stiain type The organisms were seldom found m the cultuie 
mediums before the fifteenth day of incubation, and in some cases 
between the twenty-fifth and thirtieth days 

Our bacteriologic obseivations agree with the woik of Cecil, Nicholls 
and Stamsby^ in suggesting that the streptococci are an important 
etiologic factoi m chronic arthritis 

IMMUNE REACTIONS 

Two types of immune reactions (agglutinin and intradeimal skin 
tests) to streptococci were studied in the patients with chronic arthritis 
A comparison of these leactions was made in the arthritic patients 
before and after treatment 

The serums of 74 patients with chronic aithritis were tested foi 
streptococcic agglutinins The organism used was a strain of Strepto- 
coccus viridans isolated from the blood of a patient with acute rheu- 
matic fever A weak saline suspension of the organisms was mixed 
with increasing dilutions of the patient’s serum in Wassermann tubes 
The tubes were incubated m a water bath at 40 C for two hours The 
tubes Avere then removed fiom the bath and allowed to stand in a 
cool place for fiom eighteen to tAventy hours, Avhen the degree of 
agglutination Avas determined The blood of all patients Avas tested 
before treatment Avas begun, and at the end of the couise of treatment 

5 QaAvson, B J Studies on the Etiologj' of Acute Rlieumatic FeA^er J 
Infect Dis 36 444 (May) 1925 
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The initial stieptococcic agglutinating titer of the seiums of 74 
patients before treatment was found to average 1 132 The average 
titer aftei a course of treatment was 1 11,525 It is to be noted that 
the intravenous vaccine treatment brings about a decided rise in the 
concentration of agglutinins in the patient’s serum 

Intiadermal skin tests were made with the same strain of stiepto- 
coccus that was used for agglutinating tests Skin tests have been 
used by a number of persons in rheumatic fevei and chorea, scailet 
fever, measles, nephritis and chronic arthritis Diffeient strains of 
Streptococcus hemolyticus and viiidans have been used by diffeient 
investigators Birkhaug ° tested rheumatic, arthritic and noimal persons 
with bacterial suspension, autolysates and filtrates of several strepto- 
cocci of rheumatic origin He found a higher peicentage of positive 
tests in patients with rheumatic fevei and chronic aithritis than in his 
series of contiols Apparently the bacterial suspension gave as satis- 
factoiy tests as the other methods We have emplo 5 ed a bacteiial 
suspension in our senes 


lutiadciinal Skui Tests with Sti eptococcus Vindans 


Conditions 

Number 

Positive 

Per Cent 

Chronic arthritis 

127 

112 

91 S 

Controls 

107 

53 

49 6 


Two stieiigths of bacterial suspension were used on each patient, 
one of 10,000,000 killed organisms per cubic centimeter, and another of 
20,000,000 in physiologic solution of sodium chloride One-tenth cubic 
centimeter was injected intradermally so that theie weie 2,000,000 organ- 
isms 111 one test and 1,000,000 m the other A contiol wheal of 0 1 cc 
of physiologic solution of sodium chloride was used in all cases The 
results are shown in the accompanying table 

It IS obvious from the results obtained that a positive skin test is of 
little significance m any individual case, but that in terms of percent- 
ages it IS significantly higher in chronic arthritic patients than m a series 
of contiols A positive skin test probably indicates m most cases 
that the person is hypersensitive or allergic to the stiain of strepto- 
coccus used in the test 


VACCINE TREATMENT 

The application of the intravenous streptococcic vaccine therapy 
reported in this paper is based on previous experiments in animals,- 
and on the assumption that chronic arthritis for the most part is due 

6 Birkhaug, IC E Rheumatic Fever Skin Hypersensitiveness of Patients 
with Rheumatic Fever and Chronic Arthritides to Filtrates, Autolysates and 
Bacterial Suspensions of Streptococci, J Infect Dis 44 363 (May) 1929 
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to a streptococcic infection and that patients having chronic arthritis 
are hypersensitive to that organism The experiments showed that 
animals, made hypersensitive experimentally to streptococci, could be 
desensitized by the intravenous injection of a streptococcic vaccine, so 
that such animals could be protected from the development of fuither 
lesions when given subcutaneous injections of amounts of the organism 
that would produce extensive lesions m nonvaccmated hypersensitive 
animals The subcutaneous injection of the vaccine did not desensitize 
or protect the animals, but, on the other hand, made them more hyper- 
sensitive The woik of Cecil, Nicholls and Stamsby ^ and the bacterio- 
logic observations in our 50 cases supported the etiologic significance of 
the streptococci in chronic arthritis The frequency of positive skin 
tests in such patients suggests that they are hypersensitive to strepto- 
cocci There is an evident similarity in the etiology and hypersensitive- 
ness in the experimental hypersensitive animals and the patients with 
chronic arthritis Since animals were protected, it was thought it might 
be possible to protect patients With these considerations in mind, the 
experiments in vaccinating intravenously patients with chronic arthritis 
were begun Clawson and Fahr reported on the use of intravenous 
Streptococcus viridans vaccine in the tieatment foi rheumatic fevei 
Swift and his co-workers ® have reported on the use of intravenous 
Streptococcus hemolyticus vaccine in the treatment for rheumatic fevei 

METHOD 

Intiavenous injections weie given to each patient at intervals of 
from five to seven days for the first five treatments, and at seven to 
fourteen day intervals for subsequent treatments Routinely, the first 
dose was 100,000,000 killed organisms The second dose in most 
instances was 300,000,000 The third dose was usually from 300,000,000 
to 500,000,000 In most instances the dosage was reduced or held at 
the same amount, if the reaction following the previous injection had 
been severe The fourth dose was usually from 500,000,000 to 
1,000,000,000, depending on the patient’s previous reaction In some 
instances the dosage was not increased beyond 1,000,000,000, while in 
other instances as many as 3,000,000,000 or 5,000,000,000 were given 
The reactions tended to be more marked with laige dosage It seems 
advisable now not to give more than 1,000,000,000 killed organisms 

7 Qawson, B J, and Fahi, G E Experiments Leading to a Possible Basis 
for Vaccine Therapy in Acute Rheumatic Fever, Proc Soc Exper Biol & Med 
27 964, 1930 

8 Swift, H F , Hitchcock, C H , Dench, C L, and McEwen, C Intra 
venous Vaccination with Streptococci in Rheumatic Fever, Am J M Sc 181 1 
1931 
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These patients weie all treated in the outpatient department, and were 
advised to go home immediately after the injection 

The following summaries of 20 cases in which the patients received 
vaccine therapy are inserted Ten of these had positive blood cultures 
and 10 negative We have included patients with and without clinical 
improvement while on therapy The cases have been arranged to bring 
out the gradation in clinical types 

REPORT OF CASES 

Case 1 — Histoiy — Mrs E P , aged 39, had had acute tonsillitis when 21 years 
of age (1913), and pains soon developed inmostof the joints of her body Transitory 
swelling and redness were present in the involved joints and she had a fever 
She was confined to bed for three weeks Her physician made a diagnosis of 
“inflammatory rheumatism ” Shortly afterward, he told her that a heart murmur 
was present Since then, she had had joint pains off and on most of the time 
Seven months before this report (June, 1930), her joints became much worse and 
remained painful She had involvement especially in her knees and fingers, and 
had some swelling in these joints much of the time She had been up and about 
for the most part, but had marked pain at times 

ExamxnaUon — There was a definite presystolic murmur over the apex of the 
heart, and the heart was enlarged, with a mitral contour There was swelling of 
many of the metacarpophalangeal and phalangeal joints Both knees were 
swollen, and the left knee was tender to pressure, as was the right wrist Roentgen 
examination of the right wrist was reported as follows “There is slight atrophy 
of the bones and some slight cartilaginous absorption, especially in the radio- 
carpal joint The appearance suggests an atrophic arthritis of the periarticular 
type with very little involvement of the joints as yet Conclusions atrophic 
arthritis, periarticular type” A blood culture showed Streptococcus vindans 

Vaccine Theiapy — The patient received nine injections of vaccine, in doses of 
from 100,000,000 to 500,000,000 organisms at weekly intervals Reactions, con- 
sisting of moderate fever and chills of a few hours’ duration, came on about three 
hours after each injection No improvement followed the first three injections 
Since then, the pain has been much reduced, and she is able to do much more 
physical work than prior to treatment Tlie agglutination titer was raised from 
1 0 to 1 12,800 after six injections 

Case 2 — Histoiy — In Mrs R L, aged 35, joint pains had been present for 
five months with swelling and redness at times This condition had progressively 
involved the right shoulder, hands, wrists, fingers and feet The finger involve- 
ment was transitory, there being swelling, pain and redness of four or five days’ 
duration She had not been confined to bed 

Examination — The temperature was 99 6 F No gross deformity, swelling or 
redness of joints was noted at this time There was some limitation of motion of 
the left shoulder A roentgenogram was not obtained A blood culture gave 
negative results 

Vaccine Theiapy —Tho. patient received eight injections of from 100,000,000 
to 3,000,000,000 organisms, over a period of two months On most occasions she 
had no reaction following the injection The first reaction followed the fifth 
dose of 3,000,000,000 and consisted of slight chills and fever for a few hours The 
joints -were definitely less painful after the third injection, and the patient stated 



310 


ARCHIVES OF INIERNAL MEDICINE 


that she felt much better generally The agglutination titer was raised from 
1 0 to 1 6,400 after six injections 

Case 3 — History — Mr M M, aged 22, first noticed pain in the hips and 
spine four years before this report Eighteen months before, soreness developed 
m the right shoulder During the past six weeks the knees had been definitely 
painful He now had marked difficulty m walking and took short steps During 
the past SIX weeks he had been sleeping very poorly because of pains, he had been 
unable to work the past month 

Exaimnation — The patient was unable to extend the thighs at the hips because 
of pain Tenderness was present over the hips and knees Limitation of motion 
of the spine was present Roentgen observations on the right hip and left knee 
were “Some suggestion of arthritis in the right sacro-iliac region, otherwise 
negative ” A blood culture gave negative results 

Vaccine Theiapy — The patient received five injections over a period of one 
month The doses were from 100,000,000 to 2,000,000,000 organisms The 
reactions were chiefly slight chills and fever of from two to three hours’ duration 
The joints were slightly improved after the second injection and much improved 
after the third At that time the patient was able to return to work after being 
out for a month because of joint pains The pain was practically all gone after 
the fourth injection 

Case 4 — Histoi y — Miss M A , aged 18, first noticed pain in the toes of the 
left foot two years before this report Since that time the feet, ankles, knees, 
hips, fingers, hands, wrists, elbows and shoulders had been invoked The joints 
had frequently been swollen, tender and warm She had had no fever The 
joints had tended to be acutely involved in succession and partially cleared up 
after a few days to a few wrecks 

Examination — Limitation of motion was present in the left arm at the shoulder 
The wrists were definitely swollen and tender to touch There was defimte 
limitation of motion at the wrists The left knee and the feet were moderately 
swollen Roentgen observations on the left knee and right w'rist were “There is 
some atrophic arthritis involving the right wrist and the left knee Slight 
cartilaginous destruction and some bone destruction are also present Conclusions 
atrophic arthritis, fairly marked degree, right wrist and left knee ’’ A blood 
culture gave negative results 

Vaccine Theiapy — The patient received twelve injections over a period of two 
and one-half months of doses of from 100,000,000 to 3,000,000,000 organisms 
The reactions varied from none to moderate chills and fever for a few hours 
There was perhaps less joint pain after two injections, and much less pain was 
noted after four injections Five days after the sixth injection, the patient had 
pain and was unable to walk for five days because of swollen, painful ankles 
The agglutination titer was depressed to 1 0 at that time Seven hours after the 
seventh injection, the swelling in the feet had subsided and the patient could 
walk about freely She was practically free from joint pains while under weekly 
injections during the following six weeks Skin tests, positive before treatment, 
were very faint after five injections The agglutination titer was raised from 
1 200 to 1 6,400 after five injections 

Case S — History — Mrs C B, aged 39, had noticed multiple joint pains 
in the left shoulder, left hip, left foot, lower part of the spine and right temporo- 
mandibular joint for about three months (since October, 1930) No redness or 
swelling was seen in anj' of the joints She had been working as a scrubwoman 
This work had been verv difficult recently because of the joint pains 
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Examination— lAo definite swelling or deformity was present The roentgen 
report was “Left ankle negative, lumbosacral spine negative” A blood culture 
yielded Streptococcus vindans 

Vaccine The) apy— Six injections ranging from 100,000,000 to 600,000,000 
organisms were given at from four to seven day intervals On two occasions there 
were no reactions , at other times she had chills of three to four hours duration 
She had a temperature of 102 F on one occasion The pain in the left hip, 
present constantly, disappeared after the third injection, there was much less 
pain in all joints after four injections, and the patient was able to perform her 
duties as a scrubwoman much more easily The condition was still improved 
after two and one-half months The agglutination titer was raised from 1 SO 
to 1 6,400 after five injections 

Case 6 —Histoi y —M iss E J, aged 27, developed a pain in the right shoulder, 
about nine years before this report (1922), which disappeared after a few months 
She then began to have pains in her feet and hands with definite swelling, redness 
and local heat Since then she had had involvement of both shoulders, elbows 
and knees She continued to have joint pains Her pain had been somewhat 
alleviated by a senes of general diathermy treatments 

Examination — There was fairly marked deformity of both hands, owing to 
involvement of the phalangeal and metacarpophalangeal joints There was almost 
complete fixation of the left elbow at a 60 degree angle and some fixation of the 
right elbow and right hip Swelling was present over some of the joints, and there 
was tenderness on pressure Roentgen examination of the left elbow was reported 
as follows “There is a marked loss of cartilage, and considerable destruction, 
especially in the upper ends of the radius and ulna, is present A small amount 
of new bone formation has also taken place, but this is minimal Conclusion 
chronic atrophic arthritis ” A blood culture yielded Streptococcus vindans 

Vaccine Theiapy — Twelve injections were given at one week intervals The 
dosage was run up from 100,000,000 to 1,000,000,000 organisms m four injections 
It was then reduced to 300,000,000 for subsequent treatments Reactions varied 
from very slight reactions to chills and fever for four or five hours, and increased 
aching for twenty-four hours after the injection The joints remained about the 
same throughout with the usual fluctuation in pain The skin tests, positive 
before treatment, became negative The agglutination titer was raised from 
1 800 to 1 25,000 after six injections 

Case 7 — Histoiy — Mrs A J, aged 43, first noticed swelling and pain in both 
knees one year before this report (Januarj^, 1930) , no redness was present The 
pain had been present constantly and was aggravated by walking Six months 
later her fingers became similarly involved, and she also had pain through her 
arms The past three or four months she had noticed swelling and pain in the 
feet and ankles At the time of examination the pain was most marked in the 
fingers and hands 

Examination— Both wrists were slightly enlarged, the left more markedly, 
they were very tender on pressure Local swelling appeared over many of the 
finger joints The other joints were tender on pressure but showed no gross 
deformity Roentgen observations on the right hand were “Slight to moderate 
atrophy of the bones, no particular involvement of the joints themselves The 
appearance would suggest a slight amount of periarticular arthritis” A blood 
culture gave negative results 

Vaccine Therapy — The patient received eleven injections over two and one- 
half months, ranging from 100,000,000 to 2,000,000,000 organisms On some 
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occasions there were no reactions, again there were moderate chills and fever of 
from thirty minutes to three hours’ duration The joints were less painful after 
four injections Since then they have remained definitely less painful than before 
therapy, though with some exacerbations The agglutination titer was raised from 
1 0 to 1 400 after six injections 

Case 8 — Htstoiy — Mrs M H, aged 61, had had pains in many joints since 
10 years of age These had been much worse during the past seven years (since 
1924) She now had pain and swelling in the hands and fingers, elbows and left 
shoulder and over the cervical spine, these symptoms were most marked in the 
right hand and elbow 

Examination — There were definite swelling and slight fluctuation of the right 
elbow, limitation of movement and marked pain were noted on movement Some 
swelling and tenderness were present in some of the right finger joints and there 
was tenderness over the right hand Motion of the right wrist was painful 
Roentgen observations on the right elbow were “There is some atrophy of the 
bones about the elbow joint and also a few very small spurs There is only very 
slight narrowing of the joint space itself, the change being chiefly periarticular 
Conclusion arthritis of right elbow joint, periarticular type ” A blood culture 
gave negative results 

Vaccine Therapy — The patient received seventeen injections over a period of 
nearly four months at five to ten day intervals The doses were from 100,000,000 
to 500,000,000 organisms Reactions were present after most injections, usually 
chills and fever of from three to six hours' duration Nausea occurred with some 
reactions No definite relief was consistently present Periods of possible 
improvement occurred Intradermal skin tests showed nodules which persisted 
for six weeks Skin tests, applied after six injections, were negative The 
agglutination titer was raised from 1 400 to 1 12,800 after seven injections 

Case 9 — Histoiy — Mrs E M, aged 61, had had joint pain for the past forty 
3 ears This had been present in nearly all of her joints, although there had never 
been any redness or swelling Recently she had had marked pain in the knees and 
some swelling at times 

Examination — Moderate swelling of the knees was observed There were no 
gross deformities of any joints Roentgen examination of the left knee was 
reported as follows “Slight evidences of static arthritis are present, but no other 
evidence of pathology Conclusion, slight static arthritis ’’ A blood culture gave 
negative results 

Vaccine Theiapy — ^The patient received thirteen injections of from 100,000,000 
to 3,000,000,000 organisms over a period of nearly four months Most of the 
reactions consisted of slight chills and fever for two to three hours There was some 
relief from pain after the first injection and definite relief after three injections 
The patient is doing housework and has recently been able to do a complete wash- 
ing for the first time in two years Increased motion in the arms is now present 
The agglutination titer was raised from 1 0 to 1 6,400 after three injections, and 
remained at that level after eight injections 

Case 10 — Histoiy — In Mrs A R , aged 63, pain was present in the right knee 
for about fifteen years Stiffness was also present These symptoms were 
aggravated by the patient’s being on her feet a great deal , the knee was more 
painful in the evening than in the morning, there was no other joint involvement 
and no history of any injury The patient was always of less than average weight 
She had a tendency toward constipation and functional gastro-intestmal symptoms 
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] \ annual ton - i'UKxal (iiulinj;*. woit' ossintuillv ncg.itne Koc'ntt’iu c\anii- 
iiiition of the I if^hl Knee wm'^ lopoilcd <is follows Ihcic is <i (loluulc ni\iiowin}![ 
of tlie iiunh.il poilion of the joint space, such as is coinnionlv associated with a 
statu aillnitis Thcie is a small unount of hone piodnction aioniul the patella 
and the tihia. diaiacteiistic of a clnonic lupcitiophu ailhiitis Opinion Static 
aithntis with hypeiti opine hone piodnction” A blood cnltnic pave nepativi 
losnlt 

] axtiii 7Vi()a/’V“-'l'hc patient icceued eipht injedioiis of fiom 100,000,000 
to 1,000,000,000 oipanisins ovei a peiiod of moic than two months Reactions con- 
sisted of shpht (hills a few lionis aftci mjcttions On one occasion some diat- 
ihca WMs jnesent O'hc knee hepan to he sliplitly less pamfnl aftci the thud 
iniection and has continned to nnptovc since that time, so that thcie is miieli less 
pain at the pieseiil time .iiid wMlknip is dermitolv casici The applntniation tilei 
w,is iiiised fioni 1 200 to 1 12,800 aftei five injcHtions 

Casi 11 — Ilt<ttotv — Mis A. T, aped 29, had had pain in the left hip foi the 
past two nionlhs so that w-alknip was painful and diflicnlt 'riicic wms some pain 
111 othei joints, especially the left knee 

P^aunual^ou — The patient walked with a dcrniitc limp P.un was piescnt oyci 
the liip on ahdnetion of the thipli Roentpen e\amniation of the left hip .nul left 
knee was icpoitcd as follow's “Theic is a yei\ slipht hypei ti opine ch.inpc aionnd 
the left hip, snppestmp an old, latlici low piade ailhiitis A small amount of 
cflusion IS piescnt m the left knee Conchisioiis eOnsion of left knee, shpht 
liypei ti opine aitlnitis of the left hip” A blood cnltme payc nepatiye lesnlts, 

l^rtcdiie Tlit'ial'V — 'I'hc patient was piyen ten tieatments oyci a pciiod of thicc 
months at mteivals of ftom fom to twenty days with doses of fiom 100,000,000 
to ‘1,000,000,000 oipaiiisms kfost of the last doses wcic fiom 1,000,000,000 to 
2,000,000,000 Shpht oi no dulls and feyei ocenned aftei most injections, this 
it'acluMi was ipiitc maiked ioi se\en honis aftei the dose of 1,000,000,000 The 
joints w'cie dcTmitely less p,unfnl aftei fom injections, .md .iftei th.it time the 
li.itient walked w'ltliont a limp She stated iccently that theie is now' only 
occ.isionil j'omt pain and that she is much impioced Skin tests hayc icm, lined 
positue 'riie .ipplntination titei was laised fiom 1 0 to 1 3,200 aftei seven 

injections 

C\si 12 — llisloiv ~‘\ G. .iped had had joint p.iins foi veais, the\ heq.in 
in the knees and elbows and extended to ne.iily all the joints lie w.is iii the 
Iiospit.il 111 1021 foi this eoiuhlion, at which time theic. was shpht limitation of 
motion in the right .shonldci, dliow's and wiists At that time he had all infected 
leetli lemoved, and tonsillei toiin was done loeiitpcnopi.un of the knees w.is 
made at that time (1021') and nitcipictcd as follows “Modei.itc hypci li opine 
dianpcs iinolvinp the aituiil.u sni faces Conclusions Inpeitiophu aithiitis, both 
knees ” 

E\a)inuatton—'\hc patient w.ilki'd with some dillicnlti. using a cane He h.id 
Imnl.ition of motion of the knees, hips, w’lists. dhows .md shoiildeis Roentgen 
ohsei v.itions in 1031 wcic “'riu'ie is a consulei able loss of the aiticnl.ii cailil.igc 
in the iieht knee joint with some e\idciice of new hone foimation The .ippc.uance 
IS quite chai.icteiistu of .m infectious .ailhiitis m the stage of lep.iii Only a 
slight naiiowMiig of the light ankle joint with eonsidei.ahle .itiophy of the hone 
The eh.uipe appeals to he elneds penaiticul.ii Conclusions mfections aithiitis, 
light knee loiiit . pioh.ihlc pcii.nticnl.ai aithutis, ught ankle joint” A blood 
cnltme Mclded Stieptococcns Miidaiis 
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Vaccine Theiapy — Thirteen injections \sere given over a period of three 
months at one week intervals The dose was from 100,000,000 to 2,000,000,000 
organisms Reactions varied from moderate chills and fever for twenty minutes 
to more severe chills and fever for four or five hours There has been no 
definite improvement m joint pain or stiffness The agglutination titer was 
raised from 1 200 to 1 12,800 after seven injections 

Case 13 — Histoiy — Mrs C M , aged 61, had had persistent pain in the region 
of the thoracic spine for six years (since 1925) Pam often would waken her at 
night and was present at all times when she was working She had also had slight 
pains in the ankles and knees during the past four years These pains were 
inconstant and not severe, and were noticed chiefly on damp rainy days 

Examination — Limitation of motion of the thoracic spine was observed Other 
joints showed no changes The roentgen report was, “Thoracic spine There is 
a marked scoliosis of the thoracic spine There is some evidence of atrophy of the 
bodies There is only a slight amount of hypertrophic arthritis present ” A blood 
culture showed Streptococcus vindans 

Vaccine Theiapy — Fourteen injections were given over a period of three 
months at one week intervals The dosage was from 100,000,000 to a maximum 
of 2,000,000,000 organisms, the last eight injections being 2,000,000,000 The 
patient had no reaction from the first two injections With the larger dosage 
she had no reactions at times, but at other times had chills and fever for three or 
four hours Herpes labialis was noted on one occasion and increased aching for 
a few hours on another occasion She had no relief until after five injections 
Since that time, the previous moderate pain in the extremities has subsided, and 
the severe backache has entirely disappeared for the first time m six years While 
previously unable to walk more than two blocks because of severe back pain, she 
can now walk several miles Some residual stiffness persists through the thoracic 
spine, but there is no severe pain The agglutination titer was raised from 1 0 
to 1 200 after two injections 

Case 14 — Histoiy — Mrs T D, aged 64, had had marked pain and swelling 
in the knees for the past six months The pain was worse on motion after a rest 
period 

Examination — The patient walked with a limp The knees were definitely 
tender and swollen Roentgen observations on the left knee were “There is a 
slight degree of chronic hypertrophic arthritis, involving the left knee joint and 
the patella There is no evidence of destruction of cartilage or of bone Con- 
clusion slight chronic hypertrophic arthritis ” A blood culture was negative 

Vaccine Theiapy — The patient received thirteen treatments over a period of 
three and one-half months The dosage varied from 100,000,000 to 5,000,000,000 
organisms The last four doses were reduced to 3,000,000,000 Reactions were 
lariable, none was present until a dose of 1,000,000,000 was used With a larger 
dosage she had no reaction at times, and at other times chills and fever of from 
two to four hours’ duration After the second injection, the pains were much 
lessened and swelling subsided in the knees Improvement has continued Skin 
tests, strongly positive before treatments, became negative after three injections 
and remained negative when rechecked after five injections The agglutination 
titer w'as raised from 1 100 to 1 800 after tw^o injections 

Case 15 — Histoiy — Mrs C V, aged 78, first noticed pain in the knees ten 
years before this report (1921) The pain became quite severe, and she used 
crutches for seven years, discarding them three years ago A roentgenogram taken 
m 1921 showed a definite hjpertrophic arthritis of the right knee During the 
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past ten years the patient had never been free from joint pains, especially of the 
hands She stated that swollen tender lumps appeared over the phalangeal joints 
and persisted for several months, leaving hard, painless lumps in their place 
Exammation— Some, swelling and tenderness were noted over the knees, 
especially the right There was some enlargement of many of the phalangeal 
joints There were a few tender soft masses over some of the phalangeal joints 
One of these was removed, and section showed a small cyst with an inflammatory 
wall Roentgen observations on the right knee (1921) were “Definite new bone 
formation characteristic of hypertrophic arthritis ” A report on the left hand 
(1931) was “There is a distinct loss of cartilage in the interphalangeal joints 
with some hypertrophic changes Slight loss of cartilage is present in the wrist 
joint The appearance suggests a chronic arthritis of the hypei trophic type mixed 
with the atrophic t>pe Conclusions atrophic and hypertrophic arthritis, left 
hand ” A blood culture showed Streptococcus vindans 

Vaccine TJtciapy — The patient recen^ed nine injections over a period of two 
months at one week intervals The doses varied from 100,000,000 to 400,000,000 
organisms At times no reaction followed, at other times, moderate chills and 
fever, on one occasion the patient had chills for three hours and fever for four 
hours The joints were less painful after the second injection and have con- 
tinued to be less painful since that time The patient also walks more easily 
and with very little limp Intradermal skin tests, which were positive before treat- 
ment, were negative when tested after seven injections The agglutination titer 
was raised from 1 400 to 1 25,000 after eight injections 

Case 16 — Histoiy — Mr M E, aged 71, fell thirty-five years ago and struck 
the left shoulder He was able to work immediately afterward Two years later 
he developed pain in that shoulder and had had pain constantly since He was 
unable to put on his coat without help because of the pain He had tried many 
types of medication without relief No other joints were involved 

Exaimnation — There was limitation of motion in the left arm at the shoulder 
Roentgen observations on the left shoulder were “There is a marked chronic 
hypertrophic change about the acromioclavicular joint, especially involving the 
acromion process The appearance suggests most strongly an old injury'’ with 
secondary changes, but the possibility of hypertrophic arthritis must be strongly 
considered Conclusions hypertrophic arthritis or old injury of left acromio- 
clavicular joint” A blood culture showed Streptococcus vindans 

Vaccine Tliciapy — The patient received five injections of from 100,000,000 to 
2,000,000,000 with no reactions or relief from pain 

Case 17 — History — Mrs B S, aged 57, had had pain and, at times, swelling 
in many joints for ten or twelve years The hands had frequently been invoh^ed, 
and there had also been some pain in the knees, ankles and shoulders During the 
past two weeks, the soreness had been more marked, especially m the left knee 
Examination — The patient walked with a limp Some swelling and tenderness 
were present ov'er the left knee Roentgen observations on the left knee were 
“There is a fairly marked hypertrophic arthritis, involving the left knee joint, with 
a number of spurs projecting from the tibia and patella Conclusions chronic 
hypertrophic arthritis ” A blood culture y^ielded Streptococcus vindans 

Vaccine Theiapy— The patient received nine injections, from 100,000,000 to 
2,000,000,000 organisms, o^er a period of tivo and one-half months The reactions 
varied, the patient usually having chills and fever of about four or five hours' 
duration, on one occasion she had some fever for a day The joints were less 
painful after the second injection, and the swelling in the knees definitely sub- 
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sided The patient has markedly improved, she walks easily and with very little 
pain Skin tests, previously positive, became negative after five injections The 
agglutination titer was raised from 1 100 to 1 12,800 after five injections 
Case 18 — History — Mr U G S, aged 68, had had pain in the knees and in 
the back for the past seven years (since 1924) There had also been some pain 
in the shoulders, elbows and feet, though less marked 

Exammatwn — The patient walked with a slight limp No gross joint 
deformities were observed The roentgen report on the lumbosacral region was 
^‘There is a marked degree of chronic hypertrophic arthritis, involving the whole 
lumbar spine Conclusion chronic hypertrophic arthritis ” A blood culture 
showed Streptococcus vindans 

Vaccine Therapy — The patient received nine injections of from 100,000,000 to 
2,000,000,000 organisms at weekly intervals over a period of two months Reactions 
either were absent or consisted of slight chills and fever , the patient was always 
up and about No improvement whatever occurred until after five injections, after 
which time the pain was much less marked and remained so The patient now 
has no pain at night and sleeps well Pam is absent except after hard work as 
a gardener 

Case 19 — Histoiy — Mrs H L, aged 75, had had pain through the back for 
three or four years There was no pain elsewhere 

Exammatwn — General findings were negative except for moderate hyper- 
tension There was moderate fixation of the spine, with limited movement A 
roentgenogram of the spine and lumbosacral region showed “definite new bone 
formation and lipping, characteristic of hypertrophic arthritis ” A blood culture 
gave negative results 

Vaccine Thei apy — Over a period of two and one-half months the patient received 
nine injections (100,000,000 to 1,000,000,000) Reactions varied from no 
chills to chills and fever of from three to five hours’ duration and, on one 
occasion, marked herpes labialis The backache was definitely better after the 
second injection, and little or no pain has been present since then, though some 
stiffness and limitation of motion of the spine persist The agglutination titer 
was raised from 1 200 to 1 1,600 after six injections 

Case 20 — Histoiy — Mrs J F, aged 63, first noticed pain in her right hip 
seven years before this report, and began to limp at that time She believed that 
her right leg was getting shorter She had had some gradual extension of pain 
into the spine and had become slightly stooped She stated that her mother had a 
similar condition with pains in the hip joints 

Examination — ^There were limitation of motion in the right hip and tenderness 
over the right hip and lumbar spine The patient walked with a limp Kyphosis 
was present The roentgen report was, “Thoracic spine, pelvis, femurs, lumbar 
spine Plates of the spine showed a marked kyphosis with some hypertrophic 
change Several of the vertebrae, most particularly the twelfth thoracic, show a 
characteristic change typical of Paget’s disease, there being some degeneration and 
some marked increase in the trabeculae and increased density The same process 
IS present to a lesser degree throughout the rest of the thoracic and the lumbar 
vertebrae Plates of the pelvis show a very marked characteristic Paget’s dis- 
ease, involving especially the whole upper half of the right femur and pelvis of 
this side On the left the ilium, sacrum, and to some extent the pelvis are 
involved, but the femur is not involved The sacrum throughout is fairly well 
invoked There is excessive calcification and irregular distribution throughout 
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Iherc IS some calcification of the intervertebral discs Conclusions generalirecl 
Paget’s disease or osteitis deformans” A blood culture yielded Streptococcus 
1 iridans 

Vaccine TItoapy— The patient received twelve injections of from 100,000,000 
to 1,000,000,000 organisms The usual reactions were slight chills and fever of 
a few hours' duration The joints were definitely less painful after the fourth 
injection and have continued to remain improved The patient feels stronger and 
can walk better since receiving the vaccine The agglutination titer was raised 
from 1 200 to 1 6,400 after five injections 

REACTIONS 

Immediately following an injection, the patients experienced no leac- 
tion that might correspond with the so-called anaphylactic leaction 
which sometimes follows injections of horse serum Usually about 
three houis after the injection, there was a general leaction Occa- 
sionally, this would follow within an hour oi occur as much as seven 
or eight houis afterward This reaction consisted of chills of varying 
degree and duiation, followed by fevei The chills weie usually of 
one or two hours’ duration and the fever of two or three houis’ duia- 
tion The reaction, however, was by no means constant Sometimes 
It might be of little consequence and at other times it might be seveie 
and continue for from twelve to fourteen houis The tempeiatnie, 
when elevated, was usually from 100 to 101 F . although it was as high 
as 104 F m a very few instances Following about 25 per cent of the 
injections, theie was little or no reaction In a few instances there 
would be severe aching at the time of the reaction, especially a backache, 
although this was present in a minority of cases Nausea, vomiting and 
dial rhea weie sometimes present Patients occasionally felt tired and 
weak the following day, but more often they were inclined to feel no 
ill aftei -effects, and in many cases, felt much better 

RESULTS OF TREATMENT 

The psychologic factor must be strongly considered in determining 
the lesults of any theiapeutic measure for arthritis An attempt was 
made to eliminate this from consideration as much as possible The 
majority of patients had had arthritis for years and had tried many types 
of medication, diathermy and other physical thererapeutic measures 
Some had had previous tieatments with typhoid vaccine with almost 
unanimous disappointment The criteria indicative of improvement were 
(1) decieased pain, (2) definitely increased motility of joints, (3) 
ability to return to work and (4) statements from the patients that there 
had been no recent spontaneous period of sudden improvement com- 
parable with that expel lenced since being on vaccine therapy From the 
foregoing cnteiia it seemed that about 75 per cent of the patients undei- 
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going treatment reported definite improvement The lemaining 25 per 
cent showed no improvement and, possibly, in a few instances became 
worse, though probably not worse than would be expected in their 
clinical course without treatment The patients who were helped showed 
a rather definite tendency toward improvement after a given number of 
injections 

Analysis of the time of beginning clinical impiovement is as follows 


1 treatment 

2 treatments 

3 treatments 

4 treatments 


5 per cent improved 
47 5 per cent improved 
70 per cent improved 
71 7 per cent improved 


After the fourth injection there was little or no furthei increase in 
the percentage of patients showing clinical improvement Some of the 
patients who were clinically unimproved had as many as from fifteen 
to twenty injections without benefit Those who enjoyed clinical 
improvement m nearl}'- every instance maintained that improvement dur- 
ing the course of therapy At this time no definite conclusions as to 
the permanence of this improvement can be drawn In some instances 
the improvement has been tiansitoiy, while in other instances it has 
persisted for one to two months after the last injection There seems 
to be an individual variation in the duration of improvement after 
therap) This improvement apparently can be maintained by repeating 
the injections at intervals of from seven to fourteen days 

The agglutination titer rose from an average of 1 132 befoie treat- 
ment to an average maximum titer of 1 11,525 after theiapy The 
highest agglutination titer after therapy in our series was 1 25,000, 
and this was obtained m several cases 

The intradermal skin tests were also observed in 25 cases before 
treatment and after five or more injections The tests were positive 
before treatment m every instance After treatment, nine became nega- 
tive, SIX were definitely reduced, and ten remained positive as before 
the vaccine therapy 

COMMENT 

One hundred cases of chionic arthiitis were studied in lespect to 
classification, etiology and intravenous vaccine treatment The chief 
emphasis is placed on the tieatment 

It IS difficult to classify these 100 cases of chronic arthritis into 
definite groups by clinical and roentgen findings There seems to be a 
gradual gradation in clinical types from the typical rheumatic arthritis 
to the degenerative type There are all kinds of borderline and mixed 
cases, according to the standard classifications in use at the present time 
The frequency of the presence of the streptococci, usually the 
viridans strains, recovered from the blood of chronic arthiitic patients, 
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Avould strongly suggest that in most cases chronic arthiitis is infectious 
m character and is generally due to stieptococcic infection The strepto- 
cocci are frequently recovered from the blood of patients with the 
various nonspecific forms of arthritis, such as acute iheumatic aithritis, 
iheumatoid (proliferative, atrophic) aithiitis and osteailhritis (degen- 
erative, hypertrophic arthritis) It appears that the ^allOus clinical 
types of arthritis may be different manifestations in the pathogenesis of 
chronic arthritis due to streptococci There seems to be a geneial 
vaiiation m the type of response to infection with diffeient age gioups, 
children most frequently manifest clinical rheumatic fevei and the 
oldei adults moie often develop new bone formation 

The lesults obtained from vaccine treatment are evaluated from two 
diffeient angles 1 By intiavenous vaccination two conditions seem 
to be produced in the patient which aie conspicuous m piotected animals 
There is e\ idence that the patients who are hypei sensitive to sti eptococci 
tend to become desensitized, as indicated by a positive skin test becoming 
negative, and legulail}^ there is a maiked increase m the concen- 
tiation of the stieptococcic agglutinins in the patients’ serums Desensi- 
tization and a marked increase in the agglutinating titei of the serum 
aie the two conspicuous things noted in vaccinated In pei sensitive 
animals, which are piotected from the development of fuithei lesions 
2 The second means of estimating the value of intiavenous vaccine 
theiapy in chronic aithritis is the fact that about 75 per cent of the 
patients become clinically improved, as indicated by a relief from pain, 
an inciease in the motility of the joints, ability to go back to work, etc 

The mechanism of protection is not determined Two factors are 
suggested a desensitization as indicated by the change in the skin test 
and antibody protection as suggested by the increased agglutinating 
titei 

Piotein shock as a possible beneficial factor must be considered 
Expel iments m animals indicated that the protective phenomenon was 
not due to nonspecific protein shock The results from typhoid vaccine 
in patients with chronic arthritis iveie much less favoiable, and the 
leaction much more seveie, than when a stieptococcic vaccine was used 
The clinical improvement in the patients vaccinated with streptococci 
had no appaient correlation to the amount of shock In many cases the 
impiovement w^as most maiked when shock was absent 

The protective phenomenon, as indicated by previous experiments, 
does not seem to be type-specific, but it does seem to be species-specific 
Streptococcus liemol}'ticus protected against Streptococcus viridans The 
piotection appeals not to be due to nonspecific protein shock Injections 
of tiphoid vaccine did not protect against Streptococcus iiiidans 
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No definite conclusions can be drawn as to the permanence of the 
results from intravenous vaccine therapy in chronic arthritis It may 
be of only temporary value and may necessitate frequent injections over 
a long period of time to maintain the improvement Further obser- 
vations over a long period are necessary to determine the value of this 
method of treating patients for chronic arthritis, but we know of no 
other therapy that has given similar clinical improvement in as high a 
percentage of cases 

CONCLUSIONS 

1 The types of arthritis m oui series do not fit accuiately into any 
classification now in use There seem to be many mixed types and a 
gradation in the clinical picture from rheumatic fever to osteaithritis 
(degenerative, hypertrophic) 

2 The frequent occurrence of streptococci m the blood stream of 
patients with various clinical forms of chronic arthritis strongly sug- 
gests an etiologic relationship 

3 Intra-venous streptococcic vaccination brings about m patients two 
conditions (desensitization and a high agglutinating titer) that are 
regularly associated with the protection experimentally developed in 
animals against streptococci by intravenous vaccination This analogous 
condition m vaccinated patients and animals affoids a basis for 
intravenous vaccination in patients having chronic arthritis 

4 Since subcutaneous injections of streptococci in animals tend to 
increase hypersensitiveness and only produce a low agglutinating titer 
in the serum, the subcutaneous method of vaccination in chronic 
arthritis would seem to be of less value than the intiavenous method, 
if not contraindicated 

5 No ill effects have resulted from the intiavenous vaccinations in 
the 100 cases studied On the other hand, in 75 per cent of the cases 
the clinical improvement appears to be sufficient to justify the further 
use of this method of tieatment for chionic arthritis 
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I OBSERVATIONS ON ITS TOXIC ETTECTS 
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Since Pauli’s ^ observation in 1903 that thiocyanate is eftective in 
1 educing high blood pressuie, the use of this drug has apparently 
gained favor Frequent confirmation of this observation, particularly 
in recent years, seems to have caused rather general acceptance of thio- 
cyanate therapy as offering, in a selected group of persons with hyper- 
tension, a method of meeting a difficult therapeutic problem Ever since 
Claude Bernard’s ^ first pharmacologic investigation, in 1857, there have 
been many references to the toxic properties of thiocyanate, but in 
examining the hteratuie it is noteworthy that, with a few exceptions, 
mainly its hypotensive pioperty is stressed The appeal ance of toxic 
manifestations thirteen times m a series of seventy-four trials in fifty 
patients under investigation by us seemed of sufficient importance to 
lepoit In two of these thirteen patients there was a fatal outcome 
We believe that this is the fiist repoit of death in man fiom thiocyanate 
administered foi theiapeutic purposes 

Westphal and Blum ^ administered 0 5 Gm three times a day for 
eight to twelve days in nine patients and noted a tendency to respiratory 
inflammations, muscle weakness and psychosis They repoited no 
deaths Takacs ^ reported a papular dermatitis following the admmis- 
tiation of 1 Gm daily foi nine days Weiss and Ruedemann ® and 
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Ayman ® had a similar expeiience A complete summaiy of the known 
facts concerning the pharmacologic pioperties of thiocyanate was pre- 
sented by Nichols His observations on the toxic eftects of the drug 
in guinea-pigs closely paralleled the clinical manifestations in two fatal 
cases in man observed by us He collected the lepoits of four fatalities 
in man fiom the literature, in wdiich thiocyanate was taken accidentally 
or with suicidal intent The fouith case that he quoted® presented a 
clinical syndrome practically identical with manifestations noted in our 
fatal cases He lecommended as a safe dose in man 1 Gm daily 
Nerking,® on the othei hand, noted toxic effects wuth doses of from 0 5 
to 1 Gm dail}'^ Gager m a senes of thirty-five patients, noted derma- 
titis m tw^o instances and weakness in one other as the only toxic mani- 
festations The dosage used was 0 3 Gm daily for one week, 0 2 Gm 
daily for one week and 0 1 Gm daily foi one week Theieaftei 0 1 Gm 
w^as given daily oi eveiy othei day except in obstinate cases, in which 
0 3 Gm was given foi several weeks Fmebeig^^ treated twenty-one 
patients with 1 Gm of thiocy^anate daily foi three months and noted no 
toxic effects Palmer, Silver and White,’^® using the dosage desciibed 
by Gagei, noted a few instances of weakness and cardiac pain In a 
gioup of tw^enty-four patients studied by Borg,^® unpleasant symptoms 
developed in thiiteen Toxic psychosis developed m four There were 
disorientation, hallucination of sight and heaiing, mania, confusion and 
delusions of peisecution These four patients had received larger doses 
than the i est Recovery occurred in all, in from five to seven days after 
the drug was discontinued The dosage used in his study was from 0 13 
to 0 65 Gm three times daily for from one to four weeks 

This leview of the literature is sufficient to indicate, fiist, that the 
toxic eftects of thiocyanate in man aie known and have been repeatedly 
obseived by independent investigatois, and second, that while a given 
dose pioves haimless and perhaps theiapeutically effective in the hands 

6 Ayman, D Exfoliative Dermatitis from Potassium Thiocyanate, Correspon- 
dence, T A M A 93 1671 (Nov 23) 1929 

7 Nichols, J B Pharmacologic and Therapeutic Properties of the Sulpho- 
cjanates, Am J M Sc 170 735 (Nov) 1925 
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945, 1913 

10 Gager, L T The Incidence and Management of Hypertension, with a 
Note on Sulphocyanate Therapy, J A M A 90 82 (Jan 14) 1928 

11 Fineberg, M H Potassium Tlnocvanate in Treatment of Patients with 
Hypertension, J A M A 94 1822 (June 7) 1930 

12 Palmer, R S , Silver, L S , and White, P D The Clinical Use of Potas- 
sium Sulphoc} anate in Hypertension, New England J Med 201 709 (Oct 10) 
1929 

13 Borg, J F Use of Sulphoc 3 ’'anates in Treatment of Hypertension, Minne- 
sota Med 13 281 (May) 1930 
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of one investigatoi , it pioduces seveie and often dangerous manifesta- 
tions 111 the hands ot anothei 

Two gioups of patients weie studied One gioup was given ambula- 
toiy treatment in the outpatient department and the othei group was 
observed while confined to bed m the hospital The hospital group, for 
the most part, received its medication fiom one person In the ambu- 
latory group, onl}’’ those patients weie selected for study by whom, we 
felt, it was leasonably certain that the thiocyanate was being regularly 
taken as pi escribed Patients ti eated m the hospital wei e obsei ved once 
01 more often each da)'' The ambulatory patients weie, m most 
instances, observed Aveekl) Both sodium and potassium salts of thio- 
cyanate vere used indisciimmatel}, and no lecoid was kept of the pai- 


Table 1 — Sinnmmy of Data on Thntcen Patients with Essential Hypei tension 
Who Shozued Toxic Effects Affei Thiocyanate Adniinisti ation 




lotal Do=e 

Residual Drufr 



Fall in 



at Time of 

at Time of 

AveraBC 


Blood Pressure 



Thiocyanate 

Thioc\anate 

Daily 

Duration of 

at Time of 



Intoxication, 

Intoxication, 

Dose, 

Medication, 

Thiocyanate 

Case 

Group 

Gm 

Gm 

Gm 

Days 

Intoxication 

1 

Hospital 

813 

'.73 

0 815 

10 

No 

2 

Hospital 

11 34 


102 

7 

No 

3 

Hospital 

32 34 


0 033 

51 

Yes 

4 

Hospital 

14 49 


0 805 

18 

Yes 

5 

Hospital 

12 71 

O 

o 

0 978 

13 

No 

c 

Hospital 

3 87 

.22 

0 032 

9 

No 

7 

Hospital 

20 02 

21 "0 

121 

22 

Yes 

S 

Hospital 

9 78 

S *10 

0 032 

13 

No 

9 

Hospital 

14 01 


0 320 

43 

Yes 

10 

Ambulatorj 

9 13 


0 320 

28 

Yes 

11 

Ambulatory 

11 34 


0 405 

28 

No 

12 

Ambulatory 

17 11 


0 489 

33 

^0 

13 

Imbul itorj 

11 73 


017 

09 

^0 


ticular salt used in mduidual patients The hypotensive ettect of 
thiocyanate in this senes of seventy-four trials is reported in anothei 
paper This study is paiticulaily concerned with the toxic effects of 
the drug duiing its admmisti ation for therapeutic purposes 

Table 1 represents a summary of the clinical obsei vations in oui 
thirteen patients who showed toxic manifestations The ages langed 
from 29 to 65, and theie weie eight women and five men In all 
patients the hypei tension was of the essential type The average daily 
dose ranged from 0 17 to 1 62 Gm The total dosage at the time of 
thiocyanate intoxication varied fioni 5 87 to 32 54 Gm The smallest 
total dose given was 0 652 Gm daily for nine days, and the lai gest 
0 638 Gm daily for fifty-one days A distinct and satisfactory fall m 
blood pressure occurred in five of the thirteen patients The fiist nine 
patients noted in table 1 weie obsei ved in the hospital, the last four 
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^\ere ambulatory There is noted the amount of residual thiocyanate 
in the body at the onset of toxic symptoms The figure for the residual 
thiocyanate was arrived at by subtracting the total amount of drug 
excreted from the total amount administered The quantitative deter- 
mination of excretion was made on the daily twenty-four hour urine 
output The procedure was to acidify 10 cc of the urine and develop a 
reddish-brown to a cherry-red color with ferric chloride The unknown 
was then read against a known standard in a colorimeter While this 
method does admit of some inaccuracy, it is clear from table 2 that it 
IS entirely satisfactory for supplying the information that we desired 

Table 2 — Recoveiy of Thiocyanate in the Urine 


Total Thiocyanate Recovered 


Diagnosis 

Total Dose, 

Gm 

Gm 

Days 

— > Recovered, 
per Cent 

Chrome diffuse glomerulonephritis 

10 37 

7 699 

30 

74 

Chrome diffuse glomerulonephritis 

1143 

0 939 

22 

82 

Essential hypertension 

8101 

7 256 

35 

89 5 

Normal 

1143 

1 046 

14 

91 

Normal 

36 616 

39 831 

75 

108 

Normal 

0 652 

0 596 

10 

91 

Normal 

0162 

0142 

4 

88 

Normal 

5 346 

5 709 

16 

106 

Normal 

0 326 

0 316 

9 

97 


Table 3 — Compauson of Tzvo Methods foi the 
Thiocyanate in the Urine in 

Quantitative Estimation of 
Man 

Ferric Chloride Method, 

Schreiber’s Method, 

Exact Amount Known to he 

Gm per 100 Cc 

Gin per 100 Cc 

Present, Gm per 100 Cc 

0 0160 

0 0165 

0 0163 

0 OOSO 

0 0100 

0 0081 


It im11 be seen that in eight of nine trials, over 80 per cent of thiocjanate 
was recovered m the uiine, and in five of nine trials over 90 per cent 
was recovered Furthermore, a correlation of this method with the more 
involved method described by Schreiber showed them to be strictly 
comparable (table 3) That thiocyanate can be quantitatively recovered 
111 the urine was shown by Pollak,^'^ who used an exact titration method 
Because of the difference m the excretion rate of thiocyanate m 
different individuals, it occurred to us that the total amount of drug 
taken up to the fall in blood pressure or the onset of thioc 3 ^anate 

14 Schreiber, H Thiocyanate Content of Human Blood Serum, Biochem 
Ztschr 163 241, 1925 

15 Poliak L Ueber das Schicksal der Rhodanate im tienschen Orgamsmus 
Beitr z chem Physiol u Path 2 430, 1902 
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intoxication did not give a tiue account of the actual amount necessaiy 
to produce these effects It theiefore seemed necessary to make accu- 
rate and daily observations on the amount of thiocyanate taken and the 
amount excreted, to deteimme the amount of residual drug in the body 
at the first evidence of its effect Accordingly, a group was selected 
consisting of three persons with normal blood pressure, six with essen- 
tial hypei tension and two with hypertension associated with chronic 
diffuse glomerulonephritis The lesults of these observations are shown 
in table 4 There can be little doubt from the observations presented 
that toxic effects and even a fatal outcome may occur in some patients 
who have m their tissues a smaller amount of thiocyanate than others 
who not only do not become toxic but experience a satisfactory fall m 


Table 4 — Amount of Tlnocyanatc in the Body at the Time of the Fust Definite 
Fall in Blood Piessuic and at the Time of the Fust Sign of IntoMcation 





Residual 

Residual 

Average 


Dosage, Gm 

Drug at Eirst 

Drug at 

Daily 


t 


Fall in Blood Thiocyanate 

Thiocyanate 



Average 

Pressure, 

Intoxication, 

Output m 


Total 

Dally 

Gm 

Gm 

Urine, Gm 

Xephntic*' 

9 78 

0 978 

8 96 


0 097 

Nephritic* 

10 80 

1080 

9 03 


0 275 

Essential hypertension 

9 78 

0 052 


8 49 (died) 0 086 

Essential hypertension 

12 71 

0978 


6 00 

0 630 

Essential hypertension 

815 

0 816 


5 73 

0 213 

Essential hypertension 

9 78 

0 978 

8 09 


0192 

Essential hypertension 

6 87 

0 652 


3 22 

0151 

Essential hypertension 

26 02 

1210 

20 8St 

2156 

0 262 

Normal 

4 89 

0 978 

2 29 


0 339 

Normal 

4 56 

0 326 

2 89 



Normal 

3 26 

0 652 

2 90 


0115 


* Associated Tvith diffuse glomerulonephritis 
t See text 


blood piessuie Theie is only one exception to this obseivation, in the 
one patient who exhibited signs of intoxication after the enoimous 
amount of 21 56 Gm of thiocyanate had accumulated in the body It is 
interesting that m this patient there occurred a satisfactory fall m blood 
pressure seven days aftei the drug was discontinued and after 0 68 Gm 
had been excreted It apparently required a smaller amount of i esidual 
thiocyanate to effect a fall in normal blood piessuie than when the 
pressure was abnormally elevated 

Of the fifty patients ivith hypei tension in this senes tieated seientv- 
four different times with thiocyanate, thiiteen presented toxic manifesta- 
tions In eleven of these the toxic manifestations disappeared ivithin a 
few houis to four days after discontinuance of the drug The usual 
ordei in which the toxic symptoms made their appearance was as fol- 
lows muscular fatigue accompanied or followed by nausea, vomiting 
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disorientation and mental confusion, motoi aphasia, hallucinations of 
sight and hearing, and, m the fatal cases, progression to delirium, con- 
Milsive twitchings, coma and death The frequency with which these 
toxic manifestations were observed is shown m table 5 It is note- 
worthy that while ambulatory patients who become toxic notice muscle 
fatigue as the first indication, this symptom may pass entirely unnoticed 
in patients confined to bed In these bed patients it is not unusual foi 
motor aphasia, mental confusion or even hallucinations to be the fiist 
sign of thiocyanate intoxication 

The remaining two patients who became toxic finally died of thio- 
cjanate poisoning m spite of drastic measures to induce elimination of 
the drug 

The first fatal case was that of patient M , aged 40 Her hyper- 
tension was of the essential type The duration of hei hypertension 
was not known Three months befoie admission to the hospital she 


Table 5 — Fiequcncy of Occmi ence of Toxic Manifestations 


Tomc Jlanifest'itions 

Prequency of Occurrence 

Nausea 

S 

Muscular fatigue 

7 

Vomiting 

7 

Mental confusion and disorientation 

7 

Hallucinations of sight and liearin 

G 

Motor aphasia 

O 

O 

Death 

2 

Dermatitis 

1 


developed a seveie occipital headache, which was continuous, and dim- 
ness of vision Her blood piessure dining the control peiiod, langed 
between 255 systolic and 130 diastolic and 204 systolic and 100 diastolic 
The fundi showed the classic changes of malignant hypertensive neuio- 
letmitis The concentration test showed a fixation of specific gravity 
between 1 008 and 1 014 The red blood cells numbered 4,000,000, and 
the hemoglobin content was 50 per cent The urine was negative foi 
albumin and blood On the thirteenth day after admission thiocyanate 
was begun in dosage of 0 652 Gm daily On the fourteenth day, after 
9 12 Gm had been given, the patient complained of nausea and the 
blood pressuie was 186 systolic and 96 diastolic On the following day 
nausea was more marked, but the blood piessure had risen to 220 systolic 
and 110 diastolic, so that another dose of 0 652 Gm was given Later 
on this day she became somewhat confused and incoherent Thiocyanate 
was discontinued A total of 9 77 Gm had been given m fifteen days 
The blood pressure continued high, and on the following day she became 
violently delirious with hallucinations of sight and hearing, extreme 
motor restlessness, nystagmus and frequent convulsive movements of 
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the extremities She was completely disorientated, continually mutter- 
ing and thrashing about so violently as to require mechanical restraint 
During the last twenty-four hours she voided almost no mine and was 
markedly dehydrated in spite of lepeated saline hypodermoclyses and 
dextrose infusions The stuporous state became moie piofound, and 
death occurred sixty-six hours after thiocyanate had been discontinued 
On the day of death, the blood pressure was 212 systolic and 106 dias- 
tolic Seven days before the end the nonpiotem nitrogen content of 
the blood was 33 mg per hundred cubic centimeters Two days before 
the end the nonprotein nitrogen content was still within the normal 
1 ange, being 45 mg , and the creatinine 2 4 mg per hundred cubic centi- 
meters On the same day the uiea clearance showed 41 2 per cent of 
normal function for the fiist hour and 34 8 pei cent foi the second hour 
At the time of onset of the toxic symptoms, 1 29 Gm of thiocyanate 


Table 6 — Analysts of Tissues foi Thiocyanate Content 



Estimation of Thiocyanate Content 

Estimation of Thiocjanate Content 


of Tissues of a Patient in Whom the 

of Tissues of a Patient to Whom no 


Drug Proved Fatal,* 

Thiocyanate Was Given, 

Tissue 

Mg per 100 Cc 

Mg per 100 Cc 

Heart 

97 


Kidnej 

15 4 

Trace 

Spleen 

92 

Trace 

Liver 

14 5 

40 

Lung 

17 0 

None 

Bone 

None 

None 

Brain 

80 

None 


* Patient M (see te\t) 


had been recovered in the urine, leaving a residual of 8 49 Gm A 
necropsy was performed The anatomic findings were lungs, conges- 
tion, heart, pericardial effusion, hypertrophy, inactive mitral stenosis 
and subendocardial hemorrhages , atheroma and ulceration in the abdom- 
inal aorta, kidneys, nephrosclerosis with profound arteriolar sclerosis, 
but no necrotizing lesions, and predominantly normal glomeiuli, brain, 
edema 

The fresh tissues were analyzed for thiocyanate content Table 6 
indicates the results of the analysis as compared with the tissue content 
m a patient who had not received the drug during life These analyses 
were made by Dr Kenneth Blanchard of the department of biology, 
New York University The method used was as follows The tissues 
were carefully washed free from blood Ten gram portions of each 
tissue were weighed out, frozen with carbon dioxide snow and triturated 
with 25 cc of water This mixture was centrifugated and the residue 
washed To the washed residue was added 50 cc of water To 15 cc 
of the extract was added 15 cc of tiichloi acetic acid, this was allowed 
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to stand for fifteen minutes and filtered To 10 cc of the filtiate was 
added 7 5 cc of Schreiber’s reagent, and the color so developed was 
read against a standard thiocyanate made with 5 per cent tiicUoracetic 
acid 

The second fatal case was that of patient Mic , a woman, aged 56 
Her h3pertension was of the essential type During the control period 
her blood pressure ranged from 220 systolic and 130 diastolic to 190 
systolic and 100 diastolic After receiving a total of 1449 Gm in 
eighteen days, an average daily dose of 0 805 Gm , she complained of 
nausea The thiocyanate was immediately discontinued There had 
been no appreciable fall in blood pressure Forty-eight hours after the 
drug had been discontinued she developed nervous manifestations almost 
identical with those described in patient M In spite of all measures to 
induce elimination she persisted in this state for six days and died 
Two days after thiocyanate was stopped, the blood pressure fell to 158 
s}stolic and 90 diastolic, and on the day of death, four days latei, it was 
90 sjstolic and 30 diastolic Necropsy was not permitted 

COMMENT 

Nichols ‘ administered lethal doses of thiocyanate to guinea-pigs and 
noted a characteristic tram of signs and symptoms In the final state of 
poisoning he noted intense stimulation and irritation of the motor cells 
of the spinal cord, extreme muscular weakness, tremors and finally 
generalized tonic and clonic convulsions, rigidity, coma and death Our 
tiNO fatal cases in man piesented manifestations entirely comparable to 
those described in guinea-pigs 

In an attempt to explain the occurrence of toxic phenomena, one is 
first concerned with the dosage used It might be expected that toxic 
manifestations would occur only when the larger dosages were given 
That this is not so in the case of thiocyanate is clear from table 4 
Se\ere toxic manifestations occurred in some patients who had received 
less of the drug, both in total and average daily dosage, than otheis 
\\ ho de\ eloped no toxic signs This confirms an observation by Nichols,'^ 
who found that some guinea-pigs succumbed to 200 mg per kilogram 
ot body weight, while others survived 300 mg 

Oui data lead us to believe that some persons, for reasons wdiich 
are not clear, show^ a distinct susceptibility to thiocyanate This 
susceptibility manifests itself by certain symptoms of which the earliest 
are muscular w’^eakness and nausea It further appears from our obser- 
lations that in certain persons there is little or no margin of safety 
between the toxic and therapeutically effective dosage of thiocyanate 
Vt this time w'e know of no way of distinguishing those persons who 
w ill exhibit susceptibility from those in whom the drug lowers blood 
pressure eftectneh without the development of toxic symptoms 
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SUMMARY 

Data are presented on tliiiteen patients who showed toxic manifes- 
tations from thiocyanate, administered for therapeutic pui poses 
Two of these patients died as a result of thiocyanate poisoning 
The incidence of toxic manifestations in this senes was 17 per cent 
The frequency and order of appearance of the various toxic mani- 
festations are noted 

A fall in blood pressure, the occurrence of toxic manifestations and 
death were found to be unrelated to the amount of thiocyanate admin- 
istered or to the amount of residual drug m the body 

Data are presented showing that in some patients there is little or 
no margin of safety between the toxic and therapeutically eftective dose 
of thiocyanate 

Tissue analysis for thiocyanate and necropsy observations are pre- 
sented in one of the fatal cases 



IHE EFFECT OF INSULIN THERAPY ON PAN- 
CREATIC ENZYMES IN ISI^ALNUTRITION 


C W LUEDERS, D 

AND 

M E WATSON, BS 

PHILADELPHI \ 

The piesent study was undei taken to disco\ei whethei insulin 
Iheiap), when applied to nondiabetic patients with malnuti ition promotes 
the 1101 mal secretion of panel eatic enz}mes and to prove thereby that 
the staking gains in weight in such a gioup may be attiibuted in pait 
to an increased digestion and assimilation of aliment Other investi- 
gators ^ have shown that the ingestion of the same diet without insulin 
produced comparatively slight increase in weight In the recent 
literature on caibohydrate metabolism,- ph}'Siologists accept the fact that 
the hypogRcemia pioduced by the injection of insulin, and acting on the 
secretoiy and motor centeis m the medulla, causes gastric and intestinal 
h}iiermotilit> , as well as panci eatic and biliaiy hypersecretion The 
effect of the injection of insulin in augmenting the normal function of 
the tissues to hold ivatei, carbohydiate, fat and piotein is the funda- 
mental criteiion of insulin therapj’’ and wull be mentioned latei in the 
discussion on the action of insulin In this study the potency of the 
pancreatic enzj^mes was quantitatively measuied before and after four 
weeks’ administration of insulin The results obtained in a group of 
twent} asthenic, or undernourished, nondiabetic patients, all of whom 
sought relief for gastro-intestinal disease or symptoms, tend to show 
that after the course of insulin the pancreatic enzymes exhibited uni- 
formly an increased potency The presence of bile rich m salts and a 
noimal duodenal mucosa are of course essential to the normal activity 
of the pancreatic enzjmes 

Submitted for publication, July 28, 1931 

From the Gastro-Intestmal Clinic, Out-Patient Department, Pennsylvania 
Hospital 

* Read before the Thirty-Fourth Annual Meeting of the American Gastro- 
Enterological Association, Atlantic Citj% May 5, 1931 

1 Appel, K E , Farr, C B , and Marshall, H K Insulin in Under nutrition 
in the Ps 3 choses, Arch Neurol & Ps 5 chiat 21 149 (Jan) 1929 

2 Okada, S , Kuramochi, K , Tsukahara, T , and Ooinoue, T The Humoro- 
neural Regulations of the Gastric, Pancreatic and Biliary Secretions, Arch Int 
Med 43 469 (April) 1929 Carlson, A J The Extrinsic Nervous Control of 
the Large Boivel, J A M A 94 78 (Jan 11) 1930 
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Twenty patients were selected and volunteered foi the study Two 
were not included in the survey, a test for sugar toleiance proved one 
patient to be a prediabetic, and the othei to be hypoglycemic The 
remaining eighteen were suffering from gastro-intestinal diseases oi 
symptoms, the lattei associated with other systemic diseases The fol- 
lowing diagnoses were made achylia gastiica, four, pernicious anemia, 
three , gastroduodenal new growth, three , chronic eczema, two , giar- 
diasis, two, visceroptosis, two, hyperthyroidism, one, and senility, one 

METHODS 

The pancreatic enzymes were estimated twice prior to the four weeks’ course 
of insulin and once or twice thereafter The three fractions duodenal residue 
{A), after stimulation (B), and later flow (C) were separately studied for amylase, 
trypsin and lipase so that as many as twelve measurements of potency of each 
enzyme were recorded for the same patient The stool was examined before and 
after the administration of insulin to compare the degree of digestion of food 
elements Estimations of blood sugar in order to insure normal or decreased 
curves for sugar tolerance, basal metabolism readings and Sellards’ bicarbonate 
test of urine excreted during fasting were included in the survey 

Amylase was studied quantitatively by the Gaultier method, as modified by 
Lueders, Bergeim and Rehfuss , ^ trypsin and lipase were estimated as to their 
concentration, expressed in minutes and fractions thereof, the aforementioned 
methods being used, with a further most essential modification of Hollander,^ who 
applied the “time law” of Hedin ^ for trypsin and lipase "To obtain the same 
effect with varying amounts of an enzyme, the time of digestion must vary inversel> 
with the concentration of enzyme ” This law does not apply to amylase activity, 
m which the factor of reversibility is negligible and in which a direct linear pro- 
portionality exists between the amount of enzyme present and the amount of hydrol- 
ysis effected 

The afoiemeiitioned methods show only a naiiow lange foi noimal 
concentration of the three enzymes, and have lestoied a faith in the 
clinical value of routine pancreatic ferment studies, which all previous 
methods, including oui own, had w'ell nigh destioyed The monograph, 
“The Nature of Enzyme Action” by Sir William M Bayliss,° published 
m 1925, IS invaluable to the student of general cellular metabolism as 
effected by enzymic pow^ei of decomposition and assimilation 

ADMINISTRATION OF INSULIN 

I was fortunate in having the cooperation and assistance of the 
diabetes clinic of the Penns> Ivania Hospital It was there that the clinic 

3 Lueders, C W , Bergeim, O , and Rehfuss, M E Quantitative Deter- 
mination of Enzyme Activity in Duodenal Fluids, Am J M Sc 166 535 fOct ■) 
1923 

4 Hollander, E , and Marcus, J M Pancreatic Function I The Quanti- 
tative Determination of Pancreatic Enzymes, Arch Int Med 36 585 (Oct ) 1925 
Hollander, E A Clinical Method for the Quantitative Determination of Pan- 
creatic Ferments in Duodenal Contents, J Lab & Clin Med 16 460 (Feb ) 1931 

5 Bayliss, Sir W M The Nature of Enzyme Action, London, 1925 
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patients weie taught the use of the syringe and insulin and given a 
t}pcwritten form of a schedule of administi ation of insulin and of a 
diet rich in carbohydrates and fats This schedule followed closely 
that of Appel, Farr and Marshall,^ except that to the ambulatory patients 
no injections were given m the middle of the day Twenty units given 
tuice daily was the average maximum dose for both sexes Hypogl}- 
cemic reactions were more frequent m the women visual symptoms, 
sweating and especially weakness, which disappeared within half an 
houi after the ingestion of sweetened orange juice, a chocolate bar or 
other food The aveiage cost for the four weeks’ insulin study did not 
exceed $5 per patient The insulin was purchased at hospital cost, the 
syringes (Lilly “Unit” graduated) were loaned on the payment of a 
deposit 


Table 1 — bmfs of Insulin Admimsfei ed During Expeument 


Dais 

BreaLf ast Units 

Dinner Units 

1 

5 

5 

O 

5 

5 

3 to 6th 

10 

10 

7 to 13tii 

15 

15 

14 to 20tli 

20 

20 

21 to 27th 

20 

25 

2S to C4th 

25 

30 

34 to 40th 

30 

30 


Note —Since the body appears to become more or less msuhn resistant after the tenth day 
and the appetite less been after insulin, it is advisable to step up the early doses by five units, 
if symptoms of hypoglycemia are relieved by frequent feedings The greater the appetite 
the first ten days the more rapid the gam in weight 


SCHEDULE FOR THE ADMINISTRATION OF INSULIN 

To be given from fifteen to thirty minutes before breakfast and dinner, m 
fleshy outer portions of arm and thighs, m rotation to prevent local inflammation; 
small raised itching nodules relieved by alcohol dressings 

Principles of Diet with Insulin 1 High carbohydrate and fat diet 2 Sugar 
to relieve symptoms of hypoglycemia 3 Diet of 4,000 calories causes rapid gam- 
4 Carbohydrate needs 30 Gm per ten units of insulin 5 Fat meats aid in 
rapid gain , lean meats increase musculature throughout body 

A%erage full diet farina, vegetable soup, potatoes, biscuits, oranges, oatmeal, 
cream, butter, eggs, toast and bread with excess butter Add vitamin “B” rich 
foods , whole gram cereals, asparagus, tomatoes, beans, leafy vegetables, milk, 
spinach, bananas, yeast Give extra large meat helping and extra helping of 
^ egetables 

Gue 1 A vitamin B concentrate (Bemax), tablespoonful in orange juice or 
on cereal at breakfast One glass of milk containing two teaspoonfuls 
of malted milk, two eggs, 1 ounce of cream and one teaspoonful of 
sugar mid-morning and mid-afternoon 

2 Two pieces of buttered toast and one glass of milk at bedtime 
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3 Patient never to be without lump sugar or chocolate bar to take if 
symptoms of hypoglycemia occur 

4 Weigh patient once weekly, preferably nude 

Note 5 Symptoms of hypoglycemia If patient becomes weak, restless, pale, 
perspires, trembles, has rapid pulse, shortness of breath, vertigo or visual 
changes, give sugar, chocolate bar or the juice of two oranges and a 
teaspoonful of dextrose and call a physician 

6 To hospital patients with insulin shock from large doses, give 25 or 50 
Gm of dextrose intravenously 

7 At the most active part of the day, more food must be eaten to 
counteract the endogenous insulin formed 

QUANTITATIVE ESTIMATION OF ENZYME ACTIVITY 

Collection of Samples — ^Follow the regular Lyon technic for duodenal drainage 
with the following departures 

1 After extracting the gastric contents with a syringe, do not give gastric 
lavage 

2 Never use the syringe for the collection of duodenal samples, use only 
gravity return 

3 Keep the upper end of the duodenal tube open throughout the twenty minute 
gradual passage of the tip from the 50 cm mark to 1 inch (2 5 cm ) beyond 
the 70 cm mark 

4 If possible, avoid stimulation with 100 cc of hot water either to locate the 
tip or to relax the sphincter oddi, until after another twenty minutes When 
the forefinger is placed as a support under the tube and the finger is slid 
away from the patient’s lips, a good tug on the tube usually denotes that the 
tip IS in the duodenum If there is no duodenal residue, give 50 cc of hot 
water and allow an immediate return, which usually effects a common duct 
bile (A) return 

5 Give a half stimulation, 37 5 cc of a 33 per cent solution of magnesium 
sulphate Wait five minutes before permitting siphonage 

6 Discard all samples that are cloudy or opaque (gastric juice), or that contain 
free hydrochloric acid or a total acidity of over 0 2 cc of tenth-normal 
hydrochloric acid for 1 cc of sample 

7 If the returns are cloudy, place the patient on his back until samples begin 
to flow clear 

8 After 10 cc of "B"' and "C" bile is collected, the drainage is completed, and 
the Lyon technic is resumed, with duodenal instillation of physiologic solu- 
tion of sodium chloride and giving of nutriment before the patient leaves 
the office or clinic 

9 Collect all samples m small tubes or flasks surrounded by cracked ice in 
small beakers or enamel bowls Samples of 10 cc (crystal clear) are suf- 
ficient 

10 Place samples immediately in ice chest if enzymes cannot be estimated at 
once, which is the ideal method 

Amylolyhc Activity — Amylase is determined^ by estimating the maltose formed 
by the action of 1 cc of duodenal fluid on 20 cc of a 5 per cent solution of starch 
made neutral or faintly pink, with phenolphthalein as indicator (Merck’s soluble 
starch according to Lintner was used ) Since amylase is most active on the acid 
side of neutrality, the slight acidity of the duodenal fluid (from 0 1 to 02 cc tenth- 
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* Sellards, A W Acidosis, 1917 The amount of sodium bicarbonate, in 5 Gm doses every half hour, to render fasting acid urine neutral Sellards, V W The Prmc pies of 
Acidosis and Clinical Methods for Its Study, Cambridge, Harvard University Press, 1917 
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normal) is sufficient to effect this condition of the substrate with loss of pink color 
Incubate flasks for one hour at 37 C , shaking them every fifteen minutes When 
the flasks are removed, add a small amount of sodium carbonate to stop digestion 
Pour the digestion mixture into a 10 cc buret and run slowly, then drop by drop 
into 5 cc of boiling Benedict’s quantitative reagent, to which has been added from 
1 to 2 Gm of sodium carbonate and a small amount of powdered talc (to prevent 
bubbling over) When the last blue color disappears but before the gray changes 
to decided pink, the end point is reached The buret reading, divided into 0 0149 
(the number of grams of maltose required to reduce 5 cc of Benedict’s reagent) 
gives the amount of maltose m 1 cc of the digestion mixture This figure is 
multiplied by 20 to obtain the total amount of maltose formed (table 2a) 

Tiyptic Activity — For a transparent water bath, use a 2 to 4 liter pyrex beaker, 
fill three-fourths full of warm water, set on a high tripod above a micro-burner and 
maintain a temperature of from 37 to 40 C Insert a circular copper test tube rack 
with holes to support six or more large test tubes with a capacity of about 50 cc , 
and a diameter of 1 inch Mark three tubes trypsin A, trypsin B and trypsin C 
Pipet into each tube 25 cc of a neutral 5 per cent emulsion of melted gelatin Test 


Table 2a — Conveision for Total Maltose 


Buret Heading, Cc 

Maltose, Gm 

Buret Heading, Cc 

Maltose, Gm 

03 

099 

11 

0 27 

04 

0 74 

12 

0 25 

05 

0 00 

13 

0 23 

06 

0 50 

14 

0 21 

07 

0 42 

1 5 

0 20 

08 

0 37 

16 

019 

09 

0 33 

17 

017 

1 0 

0 30 

1 8 

’ 016 



20 

015 


samples of duodenal fluid for acidity Discard samples containing free hydrochloric 
acid or having a total acidity of ov'er 02 cc tenth-normal for 1 cc of duodenal 
fluid For correction add the identical amount of tenth-normal sodium hydro- 
chloride to the neutral substrate m the proper test tube Start a time clock (such 
as the Interval Timer of the Victor Electric Corporation) Record time m min- 
utes and fractions as 0 5 cc of each duodenal extraction is delivered from a 1 cc 
graduated pipet into the respective A, B and C tubes Remove tubes from the 
water bath, close the tube with the palm, shake quickly and return to the water 
bath Then add 0 5 cc of tenth-normal sodium hydroxide to each tube from a 
buret and shake As soon as the dark pink changes to light add the final 5 cc 
ot tenth-normal sodium hydroxide Note the exact time when the very light pink 
of the control or of the original emulsion or a light yellow-brown containing no 
pink is reached Record the total time required for the reduction of the 1 cc of 
tenth-normal sodium hjdroxide m minutes and fractions 

If the time for return to neutrality is ten minutes or over, do not record results 
as final Repeat the aforementioned procedure but wait three minutes after the 
dchv erj' of tlie duodenal fluid before adding the first 0 5 cc of tenth-normal sodium 
hjdroxide Through this slight change m technic a slowly active tryptic ferment 
has been found to fall within figures of clinical significance when previously it 
would have been reported as greatlj delayed or completely absent 

^ Lipolytic Activity For trjpsin the aforementioned procedure is used, with the 
tollowing exceptions Use onlv 0 1 cc of A, B and C duodenal fluids, always 
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wait three minutes, ^ then add 0 5 cc of tenth-normal sodium hydroxide , wait until 
the mixture completely loses its pink color before adding the final 0 5 cc of tenth- 
normal sodium hydroxide Record exactly the time of adding the duodenal juice, 
and the time when the mixture with the added 1 cc of tenth-normal sodium 
hydroxide has lost every trace of pink color or returned to its original neutrality 
If in ten minutes the result is negative, repeat the test, but use 0 5 cc of duodenal 
fluid Multiply the time figures by 5 

Time figures of five minutes or less for the formed ammo acids and fatty 
acids to neutralize 1 cc of tenth-normal sodium hydroxide are considered normal 
concentrations of tryptic and lipolytic enzymes, respectively 

Five Per Cent Staicli Solution— Stir 25 Gm of Merck’s soluble starch 
(Lmtner) into a smooth paste in a mortar by adding slowly 30 cc of cold distilled 

Table 3 — Ensyme Concenti ation m Five Cases of Diabetes 


Trjpsin l/ipise Amylase 

- A A ■ A 



K. 

, ^ 

\ f 

> 

A 

B 

0 A B 

' ' 1 

CAB 

/ V 

0 

J 


Case 


ilinutes 



* 

Minutes 


Gm 

of Maltose 

1 

9 

20+ 

14^4 

4% 

6 

4% 

0 27 

0 14 

0 23 

2 

20 

12 

0 

loy* 

10% 

30 

015 

019 

0 00 

3 

40 

0 

20 

27% 

12 

4% 

0 30 

015 

0 25 

4 

3% 

5% 

13 

4% 

iVk 

4% 

0 35 

0 25 

0 27 

5 

10 

15 

12 

3% 


3% 

0 35 

0 23 

0 21 


Table 4 — Enzyme Concentration tn Patients of Noimal Weight 




Trypsin 

A 



Iiipnse 

1 



Amylase 


r~ 

A 

B 


f 

A 

B 

0 

t 

A 

B 

C 

v_ 






/ 

V 



Diagnosis 


t 

Minutes 




V 

Minutes 


Gm 

_ T 

of Maltose 

Giardiasis 

7 

5 


SVa 

—3 

—3 

0 42 

0 42 

0 37 

Gallbladder adhesions 

0 

9% 

5% 

0 

—3 

—3 

0 40 

019 

0 30 

Hypochlorhydna 

9% 

7 

7y4 

3% 

—3 

—3 

0 37 

0 42 

0 37 

Hyperchlorhydri a 
Hypochlorhydna, gallbladder 

4% 

4% 

4% 

—3 

—3 

—3 

0 37 

0 23 

015 

adhesions 

0 

7 

12 

4% 

3 

3% 

0 40 

0 27 

0 30 

Gallbladder stasis 


6% 


4% 

o 

u 

—3 

0 30 

0 27 

0 27 


water Heat to boiling 470 cc of distilled water m a 500 cc pyrex sterile flask 
Pour gradually into starch paste, stirring continuously to insure a mixture free 
from lumps Pour the solution back into the warm pyrex flask Add toluene to 
cover the starch solution with a inch layer Keep at room temperature Shake 
well before using 


6 Lipase is more sensitive to tenth-normal sodium hydroxide than is trypsin 
When amounts as low as 0 1 cc of duodenal juice are used, one can conceive of a 
dilution of ferment so great that 1 cc of tenth-normal sodium hydroxide might 
disturb Its activity, or even destroy it The three minute wait permits the ferment 
to act m a neutral mixture or weakly acid one (formed fatty acids) Though many 
duodenal fluids have an active lipolytic ferment in high concentration, even in only 
0 1 cc of the digestive fluid, later experience may bring a further modification in 
the technic, namely, the use of 0 5 cc of duodenal juice for both tryptic and lipo- 
lytic activity 
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live Pci tint Emulsion of Gelatin— Dissolve 25 Gm of Bacto-gelatin in 300 
cc of distilled water in a 500 cc pyrex flask set in a water bath Raise the tem- 
perature gradually until the gelatin is perfectly dissolved and clear In a mortar 
place 12 5 Gm of acacia, USP (purest grade), add gradually 50 cc of liquid 
petrolatum, rub into a smooth paste, then add all at once 25 cc of distilled water, 
and continue stirring in one direction until a milk white emulsion is formed To 
this add the 300 cc of melted gelatin Pour into a graduated cylinder Make up 
to 500 cc with washings of mortar and warm distilled water Pour into a 500 
cc sterile flask, add 3 cc of a 1 per cent alcoholic solution of phenolphthalem and 
make neutral (faint pink) with normal sodium hydroxide Shake well, then dis- 
tribute into storage flasks Cover the emulsion in flasks with a thin layer of 
toluene, store in the ice chest When needed liquefy by gentle heat in a water 
bath (a temperature of 60 C will scorch gelatin) Shake well to insure an even 
emulsion before measuring into test tubes 

Olive Oil Emulsion (20 Pei Cent) — Place 25 Gm of acacia (purest grade) m 
a mortar, add gradually 100 cc of highest quality olive oil, rub into a smooth 
paste, then add all at once 50 cc of distilled water, and continue stirring in one 
direction until a milk white emulsion is formed Add more distilled water , make 
up to 500 cc in a graduated cylinder, using washings of mortar with distilled 
w'ater Pour into a 500 cc flask Add 3 cc of phenolphthalem and sufficient 
normal sodium hj^droxide (about 15 cc ) to make neutral or faint pink Shake 
w'ell to insure an even emulsion before pipetting into test tubes 

After considerable experiment it was found that dependable results were obtained 
only wnth freshly prepared oil emulsion Formaldehyde as a preservative was not 
satisfactory , toluene wuth the oil emulsion gave larger figures for time or negative 
results Sterilization also proved unsatisfactory Further experimentation on this 
problem is being continued 

THE INSULIN SYSTEM 

111 their latest investigations, Depisch and Hasenohrl arrive at the 
following conclusions 

The assimilatory insulin system with its nervous regulation stands in the center 
of the carbohydrate metabolism It promotes tbe absorption of sugar both in the 
Iner and the tissues In the liver this system is counteracted by the sympathetic 
nenous system and the secretion of the suprarenals, of the posterior lobe of the 
lijpophjsis, and of the thjroid (liver counter-regulation) In the tissues the effect 
of insulin is counteracted by the suprarenals and the thyroid (tissue counter- 
regulation) Independent of this hormonal regulation there appears to be also a 
direct influence of the nervous sjstem on the sugar metabolism m the liver and 
tissues both promoting and checking it 

The glycogen-insuhn mechanism is shown by Okada ® to be vital in 
the ph}siologic process of oxidation, as an incessant oxidation of sugar 
IS unconditionally necessaiy to maintain the living process The 
regulatory influence of this active sugar on the function of the digestive 
tissues IS similar to that of oxygen on the function of the respirator}' 
organs A deficienc} either of oxygen or sugar stimulates the vagus 

7 Depisch, F , and Hasenohrl, R Kim Wchnschr 9 345, 1930 

8 Okada, S , et al Pancreatic Function V The Secretory Mechanism of 
the Digestne Juices, Arch Int Med 45 783 (May) 1930 
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centers, kck of oxygen producing foiced lespiiation, hypoglycemia, 
digestive hypersecietion, especially of pancreatic juice and bile, as well 
as hypermotihty of the digestn^e tract 

The pancreas, the soince of insulin, is the most important organ in 
the caibohydrate metabolism of the body The external as well as the 
internal secietion plays a idle of prime importance According to 
Boldyreff,'’ the uncombined pancreatic ferments are reabsoibed from the 
intestines into the blood and find then way to all tissues in the body 
Their presence is required to explain many of the vital processes of a 
biochemical chaiacter in the cells and the tissues Fischer^® also said 
“Ferments oi enzymes their participation is established in 

many, more exactly investigated, biological pi ocesses, and on that account 
we can with sufficient pi obability admit that they act in all vital pi ocesses 
of the body ” Therefore the pancreas, with the aid of the intestinal 
juices and bile, not only piovides the enzymes for the complete diges- 
tion of food 111 the alimentary canal, but likewise may prove to be the 
source of the cellular ferments that are indispensable not only for the 
general metabolism of the body as a whole, but for each particular cell’s 
power of autolysis and synthesis, as well as digestion and assimilation 
of nutriment 

THE ACTION OF INSULIN 

On Body Tissues — Most wi iters stress the retention of water along 
with the stoiage of glycogen in the cellular protoplasm and preceding 
the formation and storage of fat Insulin activates the process of carbo- 
hydrate combustion m the tissues The end-products of fat digestion 
cannot be fully utilized without the presence of such combustion. 
Oxygenation in the tissues cannot take place unless an adequate amount 
of dextrose is present Meyer pointed out that insulin accelerates 
carbohydrate metabolism by supplying an inteimediary metabolism, 
namely, a capacity for depositing water in the cellular tissues Feissly 
attributes the retention of water to the increased hydrogen ion concen- 
tration of the plasma during the tieatment with insulin, others, the need 
for water to effect carbohydrate storage Vogt stated that under the 
influence of insulin, respiratoiy tests show increased carbohydrate 
metabolism and an increase of the fat formation fiom carbohydrates 

9 Boldyreff, W N The Periodical Activity of the Organism and Its 
Physiological and Clinical Significance, Read at Staff Meeting, Battle Creek Sani- 
tarium, Feb , 1925 

10 Fischer, E Organische Syntheses und Biologie, Berlin, 1908, p 24 

11 Meyer, L F, and Bamberg, K Recurrent Acetonemic Vomiting of Chil- 
dren, and Its Treatment with Insulin, Deutsche med Wchnschr 51 1100 ('Tulv') 
1925 

12 Feissly, R Traitement insulinique des etats de denutrition chez les sujets 
non diabetiques, Presse med 13 196, 1926 

13 Vogt, E The Insulin Treatment of Nondiabetic Affections, Med Klin 
23 169 (Sept 30) 1927 
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The effect on hydrogen metabolism in water-impoverished states, as in 
tuberculosis, is a fortunate secondary effect The action of insulin is 
not a chemical one, because if the insulin is mixed with blood no glycol- 
ysis takes place This is the reverse of the action of the external secre- • 
tion of the pancreas, which reduces blood sugar probably through the 
action of a glycolytic enzyme'* All investigations on the action of 
insulin prove that a disturbance of carbohydrate metabolism is the result 
of a diminished glycolysis rather than a consequence of increased glyco- 
genesis The chief action of insulin is, m fact, on the tissues and liver, 
so affecting them that in the piesence of an excess of water and oxygen 
gl} cogen IS synthesized and stoied 

On Pana eatic Fei inenfs — In their study, m 1929 ^ of the humoral 
regulation of the gastric, pancreatic and biliary secretions, Okada and his 
associates definitely showed that the increased secretion of these juices, 
\Mth mciease of feiments and their activators, following the injection 
of insulin IS maiked in the presence of hypoglycemia, while it is nearly 
negative in the absence of hypoglj^cemia Carusi found certain signs 
of a functional coi related action between the two pancreatic secretions, 
but could not assert that there exists a functional parallel action between 
the internal and the external secretions He referred to the work of 
IMonteleone, Kahn, Jones and Cammidge as separately finding a marked 
deciease in the activity of pancreatic ferment in diabetes and of 
klonteleone’s use of insulin causing a considerable increase of enzymatic 
activity Lambert and Hermann found m animals with fistula of the 
Wirsung canal no increase m the external secretion following an injec- 
tion of insulin, probably because a hypoglycemia was not established 
Insulin cannot be expected to stimulate external secretion in a pancreas 
with histologic alterations in its acinous part 

HUMORO-NEURAL FACTORS THAT GOVERN EXTERNAL 
PANCREATIC SECRETION 

Gajet^® examined the secietions produced by electric stimuli applied 
to the pancreatic gland or to the vagus and also studied the secretions 
produced bj secietm, injected either into the blood or into the duodenum 
^^^hen direct electiic stimulation was used, theie was a prompt increase 
in the outflow of blood from the gland, which rapidly reached its 
maximum and which returned to the original level after the stimulation 
was discontinued The flow of pancreatic juice followed an almost 
parallel course, but its onset and maximum were slightly retarded 

14 Canisi, R Concerning Pancreatic Secretions, Policlin Roma (sez med ) 
37 90 (Feb ) 1930 

15 Gajet, R, and Guillaumie, M The Reciprocal Quantitative Relations of 
the Secretion of Pancreatic Juice and Blood Stream, Compt rend Soc de biol 
103 1216, 1930 
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When the pancreatic juice was stimulated with secietin, the output of 
the blood and the flow of juice were practically parallel, though the flow 
of juice persisted longer than the temporary increase in the outflow of 
blood The increase in the flow of blood and of pancreatic juice showed 
the same reciprocal ratio after stimulation of the vagus When atropine 
IS injected into the saphenous vein the secretory response to direct stimu- 
lation of the gland is greatly decreased Atropine had a more prolonged 
effect in decreasing the outflow of blood from the gland Stimulation of 
the gland or vagus is affected through direct action of vasodilator nerve 
fibers Hormone stimulation with secretin is explained by the theory 
of Bancroft, which concerns a local process determined by metabolites 

Ph3’’Siologists who have studied the action of insulin m relation to 
blood reaction agi ee that this hormone, through its function of activating 
hydrogen, carbohydrate and fat metabolism, does aid in maintaining 
acid-base equilibrium and a high blood alkali reserve Arschawsky 
studied the influence of the change m the reaction of the blood on the 
secretion of the pancreas and concluded 

1 An increase of the pn and CO 2 values of the blood enhances the stimulating 
effect of HCl on the secretion of the pancreas 2 The stimulating effect of 
secretin upon pancreatic secretion is enhanced by an increase of pu and CO 2 values 
of the blood 3 A decrease of the normal pn and COs values of the blood inhibits 
the stimulating effect of HCI on external pancreatic secretion, but not that of 
secretin 4 A change in the pa and CO 2 of the blood is accompanied by a change 
in the CO 2 content alone, of the pancreatic juice 

Rosenkow^^ reported his results with pilocarpine and secretin before 
and after vagotomy Pilocarpine has a stimulating influence on the vagal 
terminals Pilocarpine becomes ineffective following vagotomy, whereas 
secretin stimulates effectively pancreatic secretion In normal animals, 
secretin stimulates the secietion of an inactive pancreatic juice, but aftei 
vagotomy the secretion is able to split proteins (tryptic activity) The 
morphologic changes in the pancreas following vagotomy are expiessed 
in an enlargement of the secretory granules and a deciease in their 
number, the protoplasm of the glands containing numbers of vacuoles 
and large secretory droplets Therefore, the amount of pancreatic juice 
depends on the number of granules in the gland cells , a deci ease of secre- 
tory activity IS accompanied by a decrease or disappearance of granules 
Rosenkow expressed the belief that pilocarpine becomes ineffective as 
a secretagogue after vagotomy, not because it is no longer able to act 
on the nerve terminals, but because it exeits a toxic action on the gland 
cells themselves When the neural stimulation to secretory activity is 
destroyed by vagotomy, the humoral stimulant, secietin, appealed to have 

16 Arschawsky, J A The Influence of the Change in Blood Reaction on the 
Secretion of the Pancreas, Arch f d ges Physiol 224 128, 1930 

17 Rosenkow, I P Effect of Vagotomy on Secretory Activity of the Pan- 
creas, Arch f d ges Physiol 223 146, 1929 
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a more potent eftect in that the pancreatic juice previously inactive 
possessed tr} ptic activity It is now recognized that the pancreas can 
seciete a proteohtic ferment, trypsin, as well as its precursor, tryp- 
sinogen Rosenkow concluded that after vagotomy this activation is 
especially enhanced by the great enlargement of the secretory granules, 
even though deci eased m number Theiefoie, the vagi can be said to 
exert on the gland cells of the pancreas a ti opine influence, by maintain- 
ing a definite equilibrium in the metabolism of the cells 

CONCLUSIONS 

1 Injections of insulin twice daily to the average total amount of 
40 units produced m a selected group of eighteen patients with malnutii- 
tion a definite, measuiable inciease m the concentration of pancreatic 
ferments recovered from the duodenum duiing fasting 

2 Accompaning this effect, there appeared in a numbei of the 
patients a return to a normal sequence of so-called A, B, C bile frac- 
tions, m othei woids, the function of the biliaiy tract, together with 
external pancreatic functions, was impioved 

3 The methods employed in the estimation of enzyme concentration 
satisfy the essential laws of enzjme action, besides confining noimal 
figures within narrow limits, and thus making a sharp division between 
high and low concentration, especially of trypsin and lipase 

4 Tests for blood sugar tolerance are lequired to eliminate patients 
with hypoglycemia as unsafe for insulin therapy in malnutrition 

5 Studies of the stool before and following insulin therapy gave 
1 esults that showed a direct parallel between the more complete digestion 
and assimilation of food elements and the inci eased concentration of 
pancreatic ferments 

6 The aforementioned findings appeal to the authors as justifiable 
proof that the cause of the striking gain in weight in most of the eighteen 
patients recen mg insulin therapy was due in part to the stimulating effect 
of insulin on external pancreatic secretion and bile and in part to a 
lesulting normal digestion and assimilation of aliment 

Miss S A Lehmann, R N , collected the duodenal fractions and made the basal 
metabolism studies , Miss J L Yates, dietitian of the outpatient department, taught 
the clinic patients the use of the syringe and the insulin, and gave individual 
instruction as to diet and relief from hjpoglycemic symptoms and prepared the 
printed slips containing the diet and the measures for symptomatic relief, Miss 
Mildred Carlisle, pharmacist, gave her assistance in the preparation of the sub- 
strates, and the laboratorj' technician. Miss M E Watson, co-author of this paper, 
made hundreds of estimations of pancreatic enzjTOes before she was satisfied that 
the technic ivas reliable 

1930 Chestnut Street 
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The Treatment of Asthma By A H Douthwalte, M D , FRCP (Lond ) 
Price, ?;2 50 Pp 160 New York William Wood & Company, 1930 

In a small book of 160 pages the author attempts an up-to-date discussion ot 
the diagnosis and treatment of the asthmatic patient The material presented is 
fairly well handled, but the arrangement allows much repetition The book is 
divided into two parts, the first dealing with theoretical, clinical and laboratorj 
aspects of asthma and the second with therapeutics The bibliography indicates 
that European literature has been the chief source of reference The classification 
of asthmatic patients into primary and secondary groups depending on the age 
of onset and certain biochemical differences does not clarify or simplify the 
problem The discussion of clinical features and pathology is very brief and 
elementary As emphasized by the author, some of the metabolic and bacteriologic 
findings that are given must be corroborated before being accepted as significant 
The following chief etiologic factors that produce attacks are discussed allergens, 
local irritants, reflex stimulation, psychic influences and endocrine excitants In 
the chapter on “Preliminary Investigations,” proper emphasis is placed on the 
necessity of a complete study 

The second part of the book is devoted to a discussion of most of the modern 
forms of treatment The uses and limitations of these forms of treatment are 
discussed Special emphasis is placed on the value of physical therapy and on the 
administration of vaccine 

In the concluding chapter, the following apt paragraphs are given 

"Elimination of focal sepsis and suspected sources of reflex vagal stimulation 
seldom produces striking results ” 

“The majority of drugs are of use merely to hold symptoms in check and ha\e 
no value in eliminating or correcting the asthmatic tendency ” 

“In no other disease is greater concentration on detail demanded of the physi- 
cian In no other illness are we so often disappointed when victory seems to be 
ours Yet when we look back on the fruit of the labours of the past twenty years 
we cannot but be impressed by the material advance which has been made towards 
the ultimate conquest of this mysterious malady” 


The Practice of Medicine By A A Stevens Third edition Cloth Price, $8, 
net Pp 1150, with illustrations Philadelphia W B Saunders Company 
1931 

The new edition of Stevens’ “Practice of Medicine,” while retaining the briefer 
one volume form of previous editions as compared to the more bulky systems, and 
adhering to the general form of presentation made familiar by Osier’s single 
volume textbook, has been thoroughly deleted of all work not in accord wnth 
modern conceptions of medicine and has been brought thoroughly up to date 

In the broader subjects, such as pneumonia and typhoid, extensive revisions 
and additions have been made, giving a thorough contemporary presentation of 
those subjects A great many sections have been completely rewritten, including 
those on such diseases as icterus, ulcerative colitis, agranuloc 3 ^tic angina nephrosis. 
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the anemias, coronarj’- occlusion and undulant fe\ er, to mention a few representative 
cases New subjects include psittacosis, toxoid prophylaxis of diphtheria, immuni- 
zation to measles, antitoxin in erysipelas, parathyroid dysfunction and others of 
equal interest 

Ihe subject matter is divided under the headings of infectious diseases, intoxica- 
tions, deficiencj diseases, disorders of metabolism and diseases according to the 
s\ stems digestne, respiratory, circulatory, renal, blood-forming, spleen, ductless 
glands, joints and bones, muscles and nervous system Each topic is then dealt 
with m the orthodox manner, giving first a descriptive definition, historical data, 
etiologi , including specific and predisposing factors , morbid anatomy , symptoms , 
signs, complications, and therapy 

The work appeals as a stnctlj modern, conservative and carefully planned 
and executed handbook for both students and physicians All material is quickly 
accessible, and there is no evidence that the restriction to one volume makes it 
in any \vay limited in its scope 


A Clinical Study o£ Addison’s Disease By Leonard G Rowntree, M D , and 
A.lbert M Snell, M D Cloth Price, $4, net Pp 317, with 41 illustrations 
Philadelphia B Saunders Company, 1931 

From a group of “approximately 300 cases in which a diagnosis of Addison’s 
Disease (definite or tentative) had been made during life, or extensive lesions of 
the suprarenal gland have been found at necropsjf,” records of 108 patients have 
been selected and form the basis for this presentation 

While one is not convinced from the case reports that the diagnosis is indis- 
putable in each instance, the authors have had a most unusual opportunity to study 
and treat this rare malady Their compilation is particulaily fortunate at this time, 
now that Swnngle and Pfiffner and others have isolated a cortical hormone which 
gues eiery promise of as much ultimate success in the treatment for Addison’s 
disease as insulin has had in the treatment for diabetes melhtus 

The historj' of the development of knowledge of Addison’s disease before the 
classic description of Addison (which is reprinted in full) and the modern concep- 
tions comprise the early chapters Then follow the presentation of necropsy 
material, case reports, chapters on signs and symptoms, laboratory data, diagnosis, 
complications, prognosis, treatment, including the recent results m a few cases 
111 which the patients were treated with the cortical hormone of Swingle and 
Pfiffner, and finalb-^ a short chapter on “statistical considerations ’’ An excellent 
bibhographj and index are appended 

This monograph should be in the Iibrarj-^ of every physician 

Les malades dits imaginaires By M Nathan Price, 14 francs Pp 134 
Pans Gaston Doin, 1931 

In this short monograph, one of a series on practical medicine, the author 
discusses the diagnosis and treatment of so-called imaginary illnesses from a 
critical point of aiew' He first points out the dangers of such a diagnosis, giving 
examples of conditions that in the past w'ere considered as functional and are 
now known to have an organic basis The necessity for thorough examination 
for evidences of organic disease is stressed In subsequent chapters he discusses 
the aanous forms of functional diseases and the possible associated organic con- 
ditions The last chapter is deaoted to a very brief discussion of therapy in which 
the autlior stresses the point that the tape of therapy must vary with the type 
of case 

The book is obaiously intended only as a brief and rather superficial survey 
01 the subject matter and seems to fulfil these qualifications 
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At first glance it would seem inconceivable that foi sixty yeais 
physicians could have gone on studying gastric acidity in the sick, with- 
out, somewhere along the way% pausing to secure standards of noimal 
There are two explanations for this peculiar behavior of the medical 
profession one, that we ha^e always been more ready to study disease 
and to treat it than to make the basic anthropologic and statistical studies 
that would enable us to say where normal ends and disease begins , and 
the other, that it is not easy to get several thousand normal persons 
to submit to gastric intubation 

Much work has been done with medical students and with infants, 
but, unfortunately, most of the published reports of these studies are 
useless for statistical analysis because distiibution tables were not sup- 
plied, and measurements from seveial age gioups weie averaged 
together 

Although the literature on gastric analysis is enormous, we ha^ e 
been able to find only a few papers that throw light on the way in which 
the acidity of the gastiic contents varies from youth to old age The 
best of these is by Polland and Bloomfield,^ who studied 90 patients 
recovering from injuries or diseases other than gastro-intestmal They 
used histamine as the stimulus to gastric secretion, and found what 
appear to be straight line (inverse) relations between the amount and 
the acidity of the secretion and age Obviously the group studied is too 


Submitted for publication, Alay 25, 1931 

Read before the Gastro Enterological Association, Atlantic City May 4 1931 
FouIdaUor Macy, Jr, Foundation, on duty in tlieAIajo 

1 Polland W S . and Bloomfield, A L Normal Standards of Gastric 
Function,; Clin Inrestigation 9 651 (Feb) 1931 
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small ior a detailed anal\sis o£ the pioblem, but this need not lessen 
the gratitude of the medical profession to the authors for the excellent 
start that the\ have made Valuable data on the influence of age, sex 
and ph)sical fitness on the incidence of achlorhydria are to be found in 
an article b} Bloomfield and Keefer ^ 

To those who may now be asking “But why bother so about stand- 
aids of normaP” our answer is “Why bother about standards of 
normal foi basal metabolism or for any other measurable function of 
the body Here, let us say, is a ivoman of 50 years with achlorhydria , 
IS it a disease about which we should become anxious, or is it a symptom- 
less peculiarity of every fourth normal person of that age^ A few 
months ago, when we began this study, we could not have given an 
answei to this question, today, we think we can 

TYPE or CASE USED IN THE PRESENT STUDY 

It occuried to us that every year in a large institution like the 
Alayo Cimic hundreds of practically normal persons submit to gastric 
anal) sis because they have a few symptoms suggestive of cholecystitis, 
pernicious anemia, migraine or ulcer In many cases, probably, if the 
ph}sician vho first saw the patient had taken a nioie careful history, 
he would have lecogiii/ed the functional’ nature of the few digestive 
distui bailees and would not have bothered to order a gastric analysis 

Accordingly, one of us (Dr Vanzant) reviewed 16,000 records of 
patients (registered m the years 1928 to 1931) who submitted to gastric 
analysis, picking out for special study 3,381 (as will be explained later, 
365 additional cases were reviewed from the literature) m which the 
absence of symptoms suggesting serious disease and the inability of the 
medical examiner and the roentgenologist to show an 3 'thing wrong with 
the stomach, duodenum, gallbladdei or colon seemed to justify the diag- 
nosis of a normal digestive tract Furthermore, all cases were excluded 
in nhich the patient was accustomed to the use of alcohol or in which 
theie was seiious disease such as syphilis, advanced caidiovascular-renal 
iiicompetency, anemia, leukemia, jaundice, thyrotoxicosis, myxedema, 
infectious arthntis tuberculosis, Addison’s disease, infestation with 
intestinal parasites, diarrhea, disease of the liver or pancreas or appendi- 
citis In addition, all cases were excluded in which theie was severe 
malnutrition or m which the patient was recovering from serious illness 
of any kind 

The diagnoses made in most of the accepted cases weie fatigue, or 
anxiet-^ neurosis, migraine, constipation, negative findings, irritable 
hovel 01 mucous colitis In many cases an analysis of gastric secretion 

2 Bloomfield, A L , and Keefer, C S Gastric Acidity Relation fo Various 
Factorc Such as Age and Pin steal Fitness, J Clin Investigation 5 285 (Feb ) 1928 
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was made because the patient complained of the occasional piesence of 
paresthesia, sore tongue, abdominal pain or tenderness, bad breath or 
belching 

HOMOGENEITY OF THE DATA 

After oui study was almost completed we reviewed the data and 
picked out a large group of cases in which it seemed as if there could 
be no question about the normalcy of the person studied , we compared 
the distribution polygons of this group with the ones that we had 
already obtained and found them to be almost identical This dis- 
covery greatly encouraged us in our belief that we have succeeded in 
obtaining data from fairly normal peisons 

It was easy to find enough patients within the range of middle age, 
and we stopped collecting them as soon as we had enough to gne 
smooth distribution curves such as aie presented in chart 1 After that, 
many thousands of records had to be searched before we could find 
a sufficient number of apparently healthy old men and women with 
few symptoms and negative findings 

We found so few persons with ages less than 20 yeais that a satis- 
factory statistical analysis of their measurements could not be made 
We, therefore, searched the literature ® for gastric analyses made on pre- 
sumably normal children and youths, and were able to find 365 , 203 of 
these persons were girls and 162, boys In all cases the test meal used 
was of the Ewald type We used the data thus obtained to fill the 
gap in our matenal 


TECHNIC OF GASTRIC ANALYSIS 

The test meal used at the Mayo Clinic consists of eight arrowroot cookies and 
400 cc of water After one hour a sample of the gastric contents is removed with 
the Sawyer tube, it is tested for free acid, and if this is present the stomach is 
emptied and the tube is withdrawn If, however, there is no free acid, the tube 
IS left m and three more samples are removed at intervals of fifteen minutes The 
results of titration are expressed m the usual terms of cubic centimeters of tenth- 
normal sodium hydroxide required to neutralize 100 cc of gastric juice 

For the purposes of this paper we have m every case used the figures for total 
and free acid obtained at the end of the first hour The only use made of subse- 
quent readings with the fractional test was to help us m distinguishing between true 

3 Jacobsen, A T B Some Investigations Concerning the Gastric Secretion 
m Children of 1 to 4 Years Suffering from Diseases of the Stomach and Intestines, 
Together with Some Remarks as to Treatment, Acta med Scandinav 52 773, 1920 
Klementsson, Emil Recherches sur le sue gastnque chez les enfants de 1 a 12 
ans, Acta pssdiat 3 136, 1923 Muhl, Greta The Secretion of Hydrochloric 
Acid in Normal Conditions and in Chronic Gastric Affections of Children from 
1 to 13 Years of Age, Acta psediat 4 356, 1925 Wright, C B Gastric Secre- 
tion, Gastro-Intestinal Motility and Position of the Stomach in a Group of 250 
Children of the Lymanhurst School, Arch Int Med 33 435 (April) 1924 
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and false achlorhydria All data from persons who did not show free acid at the 
end of the first hour ha\e been segregated into a group which is represented by 
the lines corresponding to abscissa zero in chart 1, and by the small polygons in 
chart 2 

INCIDENCE or ACHLORHYDRIA 

The first thing that stiuck us when we arranged out data in the form 
ot percentage distribution tables and polygons (table 1 and chart 3) 
was the reinarkabl} high incidence of achlorhydria and the steady 
mciease of this incidence with age 

In table 1 all cases in which free acid was not obtained on the first 
aspiration at the end of an hour are listed undei the heading of apparent 



Chart 1 — The poljgons represent the frequency with wdnch free hydrochloric 
acid of different concentrations W'as found in males and females at different ages 
For con\enience of spacing on the page, the polygons representing data from older 
--ubiects haie been placed to the right instead of above those representing data 
irom the %ounger subjects In both halves of the figure the pohgons in the second 
and third columns represent the actual data The first column represents these 
poKgons smoothed The vertical lines drawn to the left of a number of polygons 
in the second and third columns represent the percentages in the group of subjects 
with achlorhidna 

acbloih}dria If free acid did not appeal eithei on lepeated fractional 
anal} SIS or after the injection of histamine, the patient was considered to 
have what for convenience w’^e will call tiue achloi lr\ di la Unfortunately 
the control study with histamine was made in only a small percentage 
of the cases It will be noted that in most of the cases in which free 
acid was absent at the first aspiration it lemained absent m subse- 
quent samples 




Chart 2 — The polygons in the first and third columns represent the frequency 
with which total acidity of different concentrations was found in men and women 
at different ages The bimodal nature of the polygons suggested the presence of 
two groups of persons, one with and the other without free acid, and in the second 
and fourth columns the distributions of data from these two groups are shown 
separately 



Chart 3 — The curves show the relation between the incidence of achlorhydria 
and age 
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It should be noted that we have carefully avoided the use of the 
term “achylia” Avhich we think should probably be used only in those 
cases in which the stomach is dry and in which repeated injections of 
histamine fail to produce any secretion We doubt even if there is any 
real difference between what we have called true and probable achlor- 
hydria In both there is some secretion of acid and the only difference 
IS that some ot it is more deeply submerged by the neutralizing fluid 
Chart 3 shows that for both true and apparent achlorhydria there 
IS from youth to about the age of 65 years in both sexes a straight- 
hne correlation between the incidence of the defect and age After the 
age of 65 years there appears to be a definite falling ofif in the amount 
of achlorhydria, possibly because the persons with achlorhydria are not 
so hardy or long-lived as are those who have a strongly acid gastric 
juice 

Table 1 — Achlorhydria 


Males Females 

/ ^ \ t ^ ' 

Apparent True Apparent True 

Achlorhydria Achlorhydria Achlorhydria Achlorhydria 

, « , * . , * , , A 


•^ec, 


Per 


Per 

Total 


Per 


Per 

Total 

Years 

Cases 

Cent 

Cases 

Cent 

Cases 

Cases 

Cent 

Cases 

Cent 

Cases 

20-24 





111 

4 

43 

3 

32 

94 

25-29 

11 

49 

8 

36 

220 

11 

70 

9 

58 

156 

30-34 

6 

35 

5 

30 

169 

18 

10 4 

IS 

76 

172 

35-39 

12 

52 

9 

39 

232 

27 

12 4 

24 

111 

217 

10-44 

31 

118 

27 

10 3 

263 

23 

14 9 

17 

10 9 

156 

45-49 

29 

13 7 

19 

93 

203 

30 

24 6 

18 

14 8 

122 

50-54 

39 

19 5 

37 

18 5 

200 

34 

22 8 

27 

15 8 

171 

55-59 

32 

212 

27 

17 8 

152 

39 

26 2 

31 

20 8 

149 

CO-04 

42 

20 9 

36 

231 

156 

44 

31 6 

39 

281 

139 

C5-C9 

27 

26 2 

24 

23 0 

103 

18 

316 

15 

26 3 

57 

70-74 

75-79 

8 

2 

235 

18 2 

7 

2 

20 6 

18 2 

34 1 

11 f 

6 

28 6 

5 

23 8 

31 

Total 

239 

12 9 

200 

10 8 

1,854 

254 

17 4 

201 

13 8 

1,454 


It is curious also that at all ages the women show a greatei tendency 
to achlorhjrdiia (about 3 per cent on the scale) than do the men 
Strange to saj , in our series of cases at the Mayo Clinic there was no 
instance of true achlorhydria in the 111 men aged from 20 to 25 years 
In Momen the incidence of true achlorhydria varied from 3 per cent at 
the age of 20 years to 28 per cent at the age of 60 years In men the 
highest percentage of achlorhydria was 23 at the age of 60 yeais 

IXCIDENCE or achlorhydria as observed by others 

Kelhng * found free acid absent in 15 per cent of 2,031 men and in 
19 per cent of 1,116 women examined He took care to exclude only 
the organic gastiic and duodenal diseases and he did not segregate his 

4 Kelhng, G Statistisches uber Salzsauremangel im Magen, Arch f Ver- 
clauungskr 15 568, 1909 
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cases according to age Conner,® at the IVIayo Clinic, found achloihydria 
in 14 6 per cent of 691 men and in 20 4 per cent of 509 women of all 
ages He took a consecutive series of reports from the laboratory m 
which gastric analyses are made and did not attempt to exclude cases 
of serious organic disease With a smaller group of cases in England, 
Bell ® obtained figures of 13 8 per cent for men and 16 1 per cent 
for women Bennett and Ryle ^ found achlorhydria m 4 of 100 appar- 
ently healthy students A similar figure has been obtained by a number 
of investigators who have studied young men and women 

Muhl did not find a single case of achlorhydria m 40 normal children, 
and Klumpp and Neale ® were also unable to find any instance of this 
abnormality m 80 children studied Wright, however, found 4 per cent 
of 230 apparently normal children to be without free hydrochloric acid 

Conditions are different in the aged , Seidelm ° found free acid 
absent or very low in 40 per cent of aged persons He studied Danish 
people of the working classes, aged more than 50 years Dedichen 
found anacidity in 66 of 99 apparently healthy men and women in an 
old people’s home in Copenhagen Davies and James, with the usual 
test meal and fractional analysis, failed to find free acid m 32 of 
100 normal persons aged more than 60 3 '-ears With histamine, they 
obtained acid in 13 of the 32 

The fact that our figures are lowei than those published by other 
observers leads us to hope that we have been more successful in exclud- 
ing cases in which the abnormality was due to disease It may be, how- 
ever, that the incidence of achlorhydria varies with different races and 
m different climes 

NORMAL RANGE OF FREE ACID IN MEN AND WOMEN 

The data on which this study is based are presented in table 2 and 
chart 1 There it will be seen that after the earlier years of life the 

5 Conner, H M Hereditary Aspect of Achlorhydria in Pernicious Anemia, 
Study of Gastric Acidity in 154 Relatives of 109 Patients Having Pernicious Ane- 
mia, J A M A 99 606 (March 1) 1930 

6 Bell, J R Notes on a Consecutive Series of 425 Gastric Analyses by the 
Fractional Method, Guy’s Hosp Rep 72 302 (July) 1922 

7 Bennett, T I , and Ryle, J A Studies m Gastric Secretion V A Study 
of Normal Gastric Function, Based on One Hundred Healthy Men by Means of 
the Fractional Method of Gastric Analysis, Guy’s Hosp Rep 71 286, 1921 

8 Klumpp, T G , and Neale, A V The Gastric and Duodenal Contents of 
Normal Infants and Children, Am J Dis Child 40 1215 (Dec ) 1930 

9 Seidehn, quoted by Faber 

10 Dedichen, Lucien Anacidity m Old Pei sons, Acta med Scandmav (supp ) 
7*345, 1924 

11 Davies, D T , and James, TGI An Investigation into the Gastric 
Secretion of a Hundred Normal Persons Over the Age of Sixty, Quart J Med 
23 1 (Oct) 1930 
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distributions become more and more bimodal owing to the existence of 
two types of human beings, one with free acid and the other without 
That these groups are distinct is shown also by the bimodahty of the 
distiibution polygons representing total acidity (chart 2) 

For a numbei of reasons it seemed best to make two different distri- 
bution polygons for the two groups of data In the first place, it did not 
seem to be good statistical practice to group all the figures from 
achloihydnc peisons opposite the one abscissa of zero because the stom- 
achs of these persons secrete varying amounts of acid although it is 
more or less deeply submerged by the diluting fluid, even though it does 
not appear as free acidity Furthermore, with the data from all (appar- 
ently and actually) achlorhydric persons excluded, we weie left with 
fairly s}mmetrical and typically shaped distribution curves which lent 
themselves easily to smoothing and to other forms of mathematical treat- 
ment 

It should be noted that in chart 1 the first four polygons (ages from 
1 to 20 years) represent mainly data secured from the literature The 
other polygons represent data collected at the Mayo Clinic The first 
series shows smoother curves representing, for men and women, per- 
centage distribution of the figures as they probably would appear if a 
sufficiently large number of observations had been available for study 
To get these curves, the means and standard deviations of the data 
obtained from patients with free acid were plotted as in chart 4 Curves 
weie then fitted through the points to represent the most probable 
location of means and standard deviations With these corrected or 
smoothed values as a basis, “normal,” “cocked hat” curves were then 
drawn In most instances they closely followed the actual data 

The second and third columns in chart 1 show for men and women, 
respectively, the actual percentage distributions of acid values at different 
ages The length of the line drawn to the left of each polygon represents 
the percentage of cases of apparent achlorhydria in each of the age 
groups The polygon represents the percentage distribution of the 
cases that were left after the achlorhydiic ones were removed In them, 
the sum of the ordinates is 100 

The fiist set of polygons shows, first, that the fiee acid of the 
stomach increases rapidly through childhood and up to the age of 
15 yeais Careful mathematical treatment of the measurements made 
on young persons indicate that there is an inflection of the line such as 
is shown m the chait representing mean acidities (chait 4) After this 
tune theie appears to be no definite change of the mode in women until 
the age of 65 years, and in men until the age of 45 years About the 
age of puberty the modal value foi boys begins to rise above that for 
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girls, and by the age of 25 years there is a difference of about 12 points 
This difference begins to diminish at the age of 40 years owing to a 
decrease in the modal value for men 

The theoretical modes weie located by two methods which were found 
to check fairly closely In one method we used Pearson’s empiric 
formula which relates the mode to the mean and the median, and in the 
othei we determined the distance from mean to mode by multiplying the 
index of skewness by the standard deviation 



Chart 4 — The curves show the means, calculated modes and standard deviations 
for free and total h 3 '^drochloric acid in males and females at different ages 

The changes in the modes for men and women aie shown more 
clearly in chait 4, nhere it will be seen that the modal free acidity in 
men deci eases steadily after the age of 40 years We cannot be sure 
that It falls oft in women because there were only 54 women in the 
group aged 65 yeais or more If we were to discard this one datum a 
straight line could be drann in chart 4 just as it can be diawn through 
the data representing the mean fiee acidity (in women) from youth to 
old age 
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The sameness of free acidity in old men and women can be seen 
also from the fact that the two smoothed curves at the top of the first 
column in the second half of chart 1 are almost identical and closely 
overlapping 

A study of the polygons in chart 1 shows a slight widening for men 
after the age of 50 years and for women after the age of 55 years This 
IS shown again graphically in the curves representing standard deviation 



Chart 5 — Standards of normal The shaded areas represent the limits within 
which lay 80 per cent of the data for free and total acid at the different ages The 
heavy lines represent modes 

(chart 4) It is a remarkable fact that one can occasionally find free 
acid of 80 and more in apparently normal old men and women 

It is easy to say that the total range in our cases is from 0 to 108, but 
It IS not so easy to say where one should place the limits of normal It 
does not seem probable that with all our care in selecting the records for 
study, all of them came from normal persons In chart 5 we have 
plotted for men and women modal free acidity at the different ages and 
on each side of these curves we have drawn other lines representing the 
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limits ^Mthin which he 80 per cent of oui data We might just as 
well ha\e drawn other lines delimiting other fractions of the material, but 
so far as we know, there is no scientific reason for placing limits of 
normal at one point rather than at another 

TOTAL ACIDITY 

The variations m total acidity can be studied in table 3 and chart 
2 Theie it can be seen again that the distribution polygons tend to 
be bimodal owing to the existence of two different types of human 
beings one with more or less free acid in the gastric juice, and the 
other without Data from the latter group are responsible for the 
secondary mode to the left of the mam one, again it was thought 
advisable to separate the two gioups of data just as we did while 
stud} mg free acidity In plotting two polygons in place of one we used 
as ordinates percentages of the total group of data obtained from per- 
sons with and without acid, or in other woids, the sum of the ordinates 
of the two polygons m each pair is 100 We were unable to make a 
satisfactory study of total acidity in children because the published 
reports of gastric analyses are rarely so complete that one can split them 
into two groups of those from persons with and those from persons 
nithout free acid 

COMBINED ACIDITY 

An analysis of the combined acidity shows that theie is no signifi- 
cant lanation at any age, and no difference between the sexes The 
values langed between 6 and 40 units with a mean about 17 The lange 
was so small that 90 per cent of the data fell between limits of 12 and 
22 units The combined acid in persons with achlorhydria appears to 
be only slightly (1 unit) less than in persons with free acid 

COMMENT 

We began this study with the vague idea that after middle age 
gastric acidity might gradually decrease, and that this decrease might 
be due to progressive atrophy of the mucosa similar to that which takes 
place m the skin Actuall} , now, since we know that there is no falling 
off in gastric acidity in older women, it does not seem probable that the 
decrease observed in the mpn can be due to senile changes because if 
there were such, one would expect them to be equally maiked in the 
n omen 

Similarly v e can hardly ascribe the steady increase in the incidence 
of achlorhydria to atrophic changes that come with age because in that 
case we would expect the w’hole distribution curve of gastric acidity to 
more toward the left that is tow^ard lower values, and we would expect 
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to find some parallelism between this shift in both men and women and 
the increase in the incidence of achlorhydria Actually there is no such 
parallelism in women and practically none in men 

Our impression, therefore, is that the piocess that gives rise to 
achlorhydria is diffeient from the one which, in men, gradually reduces 
the degiee of gastric acidity There is much available evidence to indi- 
cate that the first process is inherited and that it partakes, perhaps, of the 
nature of mutation Like many other defects, it can become uncovered 
at any time from birth to old age 

With the help of the data presented here, we hope to be able in 
future studies to detect with ceitainty small abnormalities in the secre- 
tory power of the stomach due to disease 

The trained statistician reviewing a study such as the one we are 
reporting will always want to know the range of a group of measure- 
ments made on one person In other words, he will want to know the 
error of the method and the variation in the readings made on one 
individual day after da}'^ Unfortunately, we cannot as yet give definite 
information on tins point The few studies reported thus far in the 
literature are vague, and the conclusions are not in agreement Our 
own study designed to answer this question is now under way 

It IS perhaps suggestive that duodenal ulcers so often appear in men 
between the ages of 20 and 25 years, about the time when the strength 
of the gastric acids is rapidly increasing It would be more suggestive 
were it not for the fact that gastric ulcers usually do not make their 
appearance until the next decade It may be that the three times greater 
incidence of ulcer m men than in women is associated with this decided 
difference in acidity 

There are so few things new under the sun that we do not dare to 
state that this big difference between the acidity in men and women has 
not been observed before , what we can say is that the fact was new to us 

SUMMARY 

Satisfactory standards of normal gastric acidity have so far been 
lacking A study has been made of data from 3,746 persons in whom 
careful examination did not reveal any disease which could conceivably 
affect the mucous membrane or the secretory activity of the stomach 
There was a steady increase in the incidence of achlorhydria from 
}outh to old age At the age of 60 3 '^ears 28 women in 100 (in our 
series) failed to show free acid on repeated fractional analysis, and 
similarly, 23 men in 100 were achlorhydric In an additional 5 per cent 
of vomen and 3 per cent of men there was no free acid in the first 
sample of an Ewald meal removed at the end of an hour 
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Flee gastiic acidity appeals to inciease lapidly fiom childhood up to 
the age of 20 years when adult values aie reached About the age of 
puberty, the aveiage value foi bovs begins to rise consideiably above 
that foi girls 

In 01 del to simplify the statistical study of the group of persons 
Avitli flee acid all data fiom peisons with tiue oi appaient achloihydiia 
■were first lemoved fiom consideiation 

We can now say that modal fiee acidity foi men langes betw^een 45 
and 50 units m the yeais fiom 20 to 40 Aftei this it falls off rapidly 
to a level of fiom 30 to 35 units m the aged The mode foi wmmen 
IS appi oximatel} 35 units thioughout adult life It appeals to fall off 
slightly aftei the age of 60 yeais The noimal lange of free acidit} 
in both men and wmmen is about 90 units 

Chart 4 show^s that the modal total acidity foi wmmen is practically 
constant at a level of about 51 units between the ages of 20 and 60 years 
the mode foi men langes fiom 66 at the age of 20 yeais dowm to 56 
aftei the age of 65 yeais Foi both fiee and total acidity, mean and 
modal values weie about the same 

In both sexes the combined aciditi appeals to vaiy but little fiom 
\outh to old age Ninety pei cent of the data lay betw'-een limits of 
12 and 22 units wnth a mode at 17 units 

The data suggest that the process wdiich gnes use to achlorhydiia 
IS not the same as the one that in men after 40 } eai s pi oduces a gradual 
falling off 111 acidit} The absence of such a giadual deciease in the 
oldei ivomen makes it seem impiobable that in eithei sex theie is a 
piogiessive senile atiopln of the gastiic mucosa 



THE SYSTEMIC EFFECTS OF HISTAMINE IN MAN 
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The concept that histamine plays a fundamental idle m the chemical 
contiol of the circulation is suggested by a senes of observations by 
Dale and Lewis and their associates ^ It is, however, remarkable that 
the evidence concerning histamine as a vasodilator substance m the 
physiologic regulation of the circulation is still largely based on indiiect 
evidence and analogical observations Direct proof for this function 
of histamine in the animal body is so far not available, and while the 
value of parallel and “teleologic evidence” in establishing a physiologic 
concept is considerable, it is recognized that concepts based on indirect 
eiidence ma) be open to fallacy and therefore cannot be considered as 
jnoved 

Burn and Dale and their associates - observed a fall in the aiteiial 
blood pressure in anesthetized carnivorous animals Lewis and his 
associates ^ presented evidence that the human skin, when subjected to 
vaiious sorts of stimuli, leacts in the same manner as it does after 
mtracutaneous punctuie with small amounts of histamine They 
claimed that the vasodilatation of the minute vessels of the skin follow- 

■' Submitted for publication, May 5, 1931 
From the Thorndike Memorial Laboratory, Second and Fourth Medical 
Sen ices (Harvard) of the Boston City Hospital, and the Department of Medicine 
of Har\ard Medical School 

1 Barger, G, and Dale, H H The Presence m Ergot and Physiological 
Actn ih of B-Imidazolylethvlamine, J Physiol 40 38, 1910 Dale, H H , and 
Laidlaw, P P The Physiological Action of B-Imidazolylethylamine, I Physiol 
41 318, 1910 Dale, H H, and Richards, A N The Vasodilator Action of 
Histamine and of Some Other Substances, J Phvsiol 52 110, 1918 Dale, H H, 
and Lmdlau, P P Histamine Shock, J Physiol 52 355, 1919 Lewis, T The 
Blood Vessels of the Human Skin and Their Responses, London, Shaw & Sons, 
1927 

2 Burn, I H , and Dale, H H The Vasodilator Action of Histamine, and 
Its Pin siological Significance, J Phjsiol 61 185, 1926 

3 Lewis (footnote 1) 
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ing these stimuli is due to a substance oi substances closely related to 
histamine The implication of these observations is that Lewis’ 
H-substance, or histamine, pieexists in the cutaneous cells, and is 
liberated to exeit its physiologic role only in response to certain stimuli 
Best, Dale, Dudley and Thorpe^ and Thorpe = demonstiated that when 
tissues aie extracted by a lelatively simple chemical pioceduie, appieci- 
able or laige amounts of histamine are obtained The extiact of the 
lung was found to contain from about ten to twenty times more hista- 
mine than the majoiity of the oigans tested, 1 Kg of fresh lung tissue 
yielding as much as 75 mg of histamine It is also significant that, 
according to Dale,“ the vasodilatoi eftect of vaiious organ extiacts used 
therapeutically depends entirely on then combined histamine and choline 
content Dale and Laidlaw " observed that anesthetized cats, following 
the sudden and continuous injection of histamine, exhibit a condition 
resembling in many respects traumatic and surgical shock in man 
Cannon ® produced evidence that some chemical substance, probably 
histamine or a substance related thereto, is actually responsible for 
the manifestations of traumatic shock 

All these obseivations strongly suggest, then, the active role of 
histamine in the regulation of the noimal and abnormal circulation 
There are, however, numerous studies reported m the liteiature that 
contradict this concept of the physiologic role of histamine Contrary 
to the behavior of epinephrine, histamine produces varying effects on 
the vascular system and the minute vessels of different species of ani- 
mals Furtheimore, the same species of animals may behave differently 
undei diverse conditions 

Histamine pioduces a fall in the blood pressuie of carnivorous 
animals, and an elevation in rodents Feldberg’s observations m Dale’s 
laboratory® suggest that these variations in the effect of histamine on 
the blood vessels of different species of animals are moie apparent 
than real, as the effect depends on the tone of the vessels rather than 
on the species The evidence presented by Feldbeig in support of this 

4 Best, C H , Dale, H H , Dudley, H W , and Thorpe, W V The Nature 
oi the Vaso-Dilator Constituents of Certain Tissue Extracts, J Physiol 62 397 
1927 

5 Thorpe, W V Vasodilator Constituents of Tissue Extracts Isolation of 
Histamine from Muscle, Biochem J 22 94, 1928 

6 Dale, H H Some Chemical Factors in the Control of the Circulation 
Lancet 1 1233, 1929 

7 Dale and Laidlaw (footnote 1, fourth reference) 

8 Cannon, W B Discussion sur le choc traumatique, Mem Soc de biol 81 
854, 1918 , The Course of Events in Secondary Wound Shock, J A M A 73 174 
(July 19) 1919, Traumatic Shocks, Surgical Monographs, New York, D Appleton 
& Companj'-, 1923 

9 Feldberg, W The Action of Histamine on the Blood Vessels of the 
Rabbit, J Physiol 63 211, 1927 
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conception is not conclnsive l 10 ^ve^ oi , tincl tlius the histamine pai adox 
must be considered unsettled Bum and Dale - explained the diffeience 
m the beharioi of animals b) the variation of the level at which the 
constiictor eftect of histamine on the cential portion of the rasciilar tiee 
changes to a dilatoi eftect on the peiipheial portion In the dog, foi 
example, the constiictoi eftect of histamine on the aiteiial tiee changes 
to a dilatoi eftect at the level of the small visible aitenes In the cat, 
there is a constiictoi eftect to the level of the aiteiioles and capillaiies, 
which, undei ceitain conditions, dilate in i espouse to histamine In 

indents the appeal ance of the constiictoi eftect is pushed to the 
peiipheiy 

It is lathei significant that Giant and Jones found that the minute 
\essels of the skin and mucous membianes of the tongue of the fiog 
lespond similaily to those ot man with dilatation of the small blood 
\essels undei local stimulus and yet that histamine pioduces no dilata- 
tion of the blood A'^essels when applied eithei locally oi systemically 
although histamine has been exti acted fiom the skin of the fiog It 
is icithei difficult to reconcile these raiiations m vasculai i espouse pio- 
duced b} cl substance that is supposed to pla\ a unifoim legulatoiy 
lolc in the ciiciilation Theie is, fuitheimoie, a significant disci epancy 
1)( tween the short duiation of action of histamine on entering the blood 
stream and the lelatively long duiation of ceitain vasodilator responses 
attiil lilted to histamine Here again, assumptions have been made that 
liistamme oi allied substances may be combined with colloids oi othei 
-'Ubstcinces that altei its peisistence of action Expeiimental pi oof foi 
Mich a statement again is not available 

A considerable gap also exists between the finding of as much as 
75 mg pel kilogiam of histamine in fiesh lung tissue and the opinion 
of Dale*’ that histamine has “eMclentl) as good a claim to be legaided 
a^' a noimal constituent of the living cell, as has any othei substance 
which smiilail} conseivatne methods could extiact ” If such small 
amounts of histamine as 0 1 mg pioduce profound changes in the 
minute blood vessels in man, it is difficult to lealize how^ an amount that 
is mam times that of the fatal dose can be attached to the endothelial 
sestem of the lungs without exerting any influence on the pulmonai}^ 
eapillaiies Not onh is the significance of these appaiently contia- 
dictorc obsei cations obscuie, but the mteipretation of the obseic^ations 
on the same species is not agieed on (Mautnei and Pick ”) 

10 Grant, R T , and Jones T D The Effect of Histamine and of Local 
Injure on the Blood Vessels of the Frog A A^asodilator Substance in Extracts of 
Frog s Skin Heart 14 337, 1929 

11 ^ifautner, H, and Pick, E P Ueber die durch “Shockgifte” erzeugten 
Zirkulationsstorungen, Afunchen med Wchnschr 62 1141,1915,11 Das Verhalten 
dcr uberlchenden Leber, Biochem Ztschr 127 72, 1922 
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The considerations outlined stiongl> suggest how hazaidous it is 
to define the idle of histamine in health or in disease fiom animal 
observations The necessity of obtaining direct infoimation from 
studies on man is obviously gieat The study presented here deals 
mainly with the systemic effect of histamine m human beings It is 
fully appieciated that the results of these observations do not necessarily 
apply to the alleged regulatory functions of histamine between cell 
and local capillary blood supply where the physiologic relationship 
IS diffeient The inquir}^ was centeied lathei on the influence of 
histamine on the ciiculation, metabolism and respiration, as these 
three functions are closely interrelated, and adjustments m one often 
produce changes rn the others The response of other bodrly functrons 
to histamine was also studied Whenerer possible, quantitative observa- 
tions were made The pioceduies followed in the observations will be 
described undei the piopei headings Although, for clarity, the results 
obtained are piesented in groups, actually, numeious bodily functions 
were studied simultaneously m the same subject Simultaneous obsei- 
vations are a safeguard against faulty conclusions and aid considerably 
in inter pi eting correctly the inter i elations between bodily functions 

In our expel lence, histamine has been found to have no effect on the 
cardiovascular system when given orally to man Several hundred 
times the fatal intravenous dose, given by mouth, failed to produce 
appreciable signs or symptoms On the other hand, histamine is 
«bsorbed promptly fiom the subcutaneous depot, although individual 
variation in its speed of absorption complicates studies in which com- 
parative quantitative observations are desired Furthermore, the 
amount of histamine entering the blood stieam from the subcutaneous 
tissues varies considerably at different time intervals In order to avoid 
these variations, the intravenous channel of administration was adopted 
111 a majoiity of the observations The effects of both a single intra- 
venous injection and of continuous intravenous infusion were studied 
The intravenous method of administration makes the results obtained 
on different subjects comparable, and since the amount of histamine 
entering the blood stream m a given unit of time is known, and the 
persistence of action of histamine, as will be shown, is presumably of 
shoit duration, a quantitative lelationship can be established between 
the concentration of histamine in the blood stieam and the degree of 
changes in bodily functions 

Throughout the course of this study, histamine phosphate was used 
All figures of “'histamine” express amounts of histamine phosphate 
unless specifically chaiactenzed as “histamine base ” 


12 The molecular ^Yelght of histamine phosphate is approximately thrice that 
of histamine base 
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iiiE ErrccTS OF the rapid intravenous administration 

or SINGLE DOSES 01 PIISIAMINE 

As described in a previous communication and also lepoited b} 
otheis/-* the sudden single intiavenous injection of histamine is fol- 
lowed by a sensation of Avarmth o\er the face associated with intense 
flushing Depending on the dose administeied, the flush may spread 
to laiious skin aieas toivard the feet There may also be a throbbing 
sensation over the head with or without headache Following toxic 
doses, nausea and vomiting may develop The heart rate show's an 
elevation 

Obsei vatioiis on more than a hundred subjects wnth a normal 
cardiovascular sjstem established the minimal single dose, just suffi- 
cient to produce detectable changes in the minute vessels of the face 
01 an elevation in the cardiac rate, as varjing between from 0 01 to 
0 03 nig, coi responding to fioni 0 00015 to 00005 mg per kilogram 
of body weight A tenfold increase of these minimal amounts occa- 
sionally ina) produce toxic manifestations In the majority of instances 
amounts of 0 07 mg or 0 001 mg per kilogiam of bod} w'eight were 
administered in a solution of 1 10,000 concentration 

Changes m the Nomial Complexes of the Elect} ocai dtogi am — In 
Older to ascertain the possible direct effect of histamine on the coronary 
circulation or the cardiac musculature, continuous electrocardiographic 
iiacings of lead II W'Cie taken followniig the injection of from 0 05 to 

0 08 mg of histamine into fifteen subjects wnth a normal cardiovascular 
SI stem The onset of the peiipheial vascular responses due to hista- 
mine W'as registered by the electrocaidiogiaphic tracings through instan- 
taneous temporal y shoit-ciicuitmg of the galvanometer Analysis of 
the records thus obtained indicated that the onset of the acceleration 
occurs simultaneousl} oi from tw'o to three seconds before the onset 
of the jieripheial rascular responses Simultaneous!} with this accelera- 
tion the T w'ave show's a progressive depiession With the return of 
the normal cardiac rate, the T w'are assumes its original shape Figure 

1 repiesents a Apical observation These changes in the T wave, 
interpreted m the light of piesent knowledge, indicate that histamine 
induces a change m the coronary blood vessels oi the musculatuie 
The nioie exact mechanism oi nature of this effect is not clear at 
pi esent 

13 Weiss, S , Robb G P and Blumgart, H L The Velocit}' of Blood Flow 
in Health and Disease as Aleasured b^ the Effect of Histamine on the Minute 
Vessels, Am Heart T 4 664 1929 

14 Eppmger, H Ueber eine eigentumhche Hautreaktion hervorgerufen diirch 
Lrgamin Wien med Wclinschr 63 1414, 1913 Harmer I , and Harris K E 
Obser\ations on the Vascular Reactions in Man in Response to Histamine, Heart 
13 381, 1926 
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Heait Rate and Artenal Blood Piesswe — Following the adminis- 
tration of an average dose of 0 001 mg of histamine per kilogram, an 
elevation in the caidiac rate regularl)'- appears aftei an inteival of 
from fifteen to twenty-five seconds, coi responding to the ciiculation 
time The maximal average elevation is 15 heart heats per minute, and 
this usually occurs within one minute after the injection In a numbei 
of instances the maximal rise in the heart rate was from 30 to 40 beats 



Fig 1 — The effect of the sudden intravenous injection of 0 05 mg of histamine 
phosphate on the normal complexes of the electrocardiogram A indicates a con- 
trol tracing, B, a tracing thirty seconds after the injection, note the increase in 
rate and the depressed T wave, C, a tracing fiftv seconds aftei the injection, the 
T wave is approaching its normal shape All tracings are of lead II 

With this elevation of the heait late, moderate changes in the 
arterial blood pressure occasionally developed No change, or a rise 
of as much as 15 mm of meicuiy in the s}stolic and diastolic blood 
piessures, occtiired in the majority of instances (forty-two subjects) 
A fall of similai oidei was observed m a small group (eight subjects) 
The duiation of the flush and changes in the cardiac rate and aitenal 
blood pressure lasted from two to five minutes 
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Venous Picssuie — The venous pressuie. as measuied continuoush 
hy the method of Moritz and Taboia/® showed no appreciable changes 
Occasionally there rvas a use conespondmg to 1 or 3 cm of watei in 
the venous piessuie Table 1 piesents a few of the observations on 
the eftect of a single dose of histamine on the aiteiial and the venous 
pressui es 

The Response of the Ceiehial and Facial Blood Vessels — Lewis 
has shown that the minute \essels of the face are especially sensitive 
to histamine Our obsenations indicate that the minute vessels of the 
hi am of man also leact to small amounts of histamine Following the 
admmistiation of an aveiage single dose of histamine, aftei an elapse 
of a period conespondmg to the cii dilation time between the site 
of the injection and the biain,^-’ theie is a piompt use in the mtia- 

Table 1 — The Effect of a Smqle Inti aveiious Injection of Histamine on the 
ditcnal and Venous Blood Piessuie 
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tiaiiial piessuie, as indicated by the changes m the fluid level of the 
manometei connected with the subaiachnoidal space Simultaneouslv 
uith the onset of this use in the piessuie of the ceiebiospmal fluid, 
the caidiac pulsatile expansion of the spinal fluid inci eases to thiee oi 
foul times normal This usually lasts seveial minutes aftei the letuin 
of the ceiebiospmal fluid to its initial lerel (table 2) In obseivations 
in which the aiteiial and lenous piessures w'^eie measuied simultaneously 
with the ceiebiospmal piessuie, it was found that the use in the 
spinal piessuie as w^ell as the inciease m the pulsatile expansion of the 
spinal fluid, may occui wuthout necessai} alteiation eithei m the aiteiial 
01 in the \enous piessurt 

Such a use in the spinal piessuie wnth inci eased pulsatile expansion 
and wnthout simultaneous change in the arteiial and venous piessuie 
can be attiibuted only to a dilatation of the aiteiioles, capillaiies and 
^emlles which lesults m an increase in the lolume of blood in the hi am 

15 ^Moritz r and Tabora D V Ueber eine Methode beim Menschen den 
Drnck in oberflaclilicben Yenen exact zu bestimmen, Deutsches A.rch f klin Med 
98 475, 1910 
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That this infeience is indeed coiiect has been substantiated by dnect 
obseivation of the effect of histamine on minute vessels of the hi aim 
In cases m which the hi am surface was exposed foi lemoval of a 
neoplasm, the intiavenous administiation of from 0 05 to 01 mg of 
histamine was followed by a piompt expansion of the hi am volume 
associated with a marked mciease in the ceiehial pulsation and the 
appearance of a blight flush These changes lasted foi fiom ninety 
to one bundled and twenty seconds 

The following case gives a summaiy of one of these obseivations 

A McE , aged 21, was operated on for the removal of an intracranial neoplasm 
Ether anesthesia was used A large round area of the skull over the right temporo- 
parietal area was removed, and the dura was opened The exposed brain area was 
clear The heart rate was 76 per minute, the arterial sj^stohc blood pressure was 


Table 2 — The Effect of Histamwe on the Inti act ania! Pietsiiic 
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100 mm of mercurji^, the diastolic pressure, 50 mm Nine-hundredths milligram of 
histamine phosphate in a solution of 1 5,000 was injected into the foot vein Four- 
teen seconds later a distinct increase of the pulsation of the brain was noted, and 
simultaneously there were an appreciable swelling and bulging The surface of the 
brain became pink, and even the small visible vessels (presumably veins) became 
engorged The cardiac rate rose to a maximum of 82 beats per minute These 
changes reached their maximum in from thirty to thirty-five seconds after the 
onset and disappeared in three minutes There was no appreciable change in the 
arterial blood pressure Five minutes later 0 1 mg of histamine was again injected 
into the foot vein with an identical effect 

That the aiteiioles and othei minute \essels of the human hi am 
lespond with dilatation to histamine was fuithei substantiated by a 
third set of observations in which the oxygen difteience between the 
aiteiial blood and the venous blood obtained fiom the internal jugular 
vem was studied befoie and aftei the administration of histamine’® 


16 Weiss, S , Lennox, W G , and Robb, G P The Dilator Effect of Histamine 
on the Cerebral Vessels in Man, Proc Soc Exper Biol & Med 26 706, 1929 
Weiss, S , and Lennox, W G The Cerebral Circulation XVII Cerebral Blood 
Flow and the Vasomotor Response of the Minute Ai"essels of the Human Brain to 
Histamine, Arch Neurol & Psychiat 26 737 (Oct) 1931 
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The \essels of the e}eground failed to leveal obvious changes following 
the administration of histamine 

The observations presented establish the fact that the arterioles and 
the minute ressels of the brain respond with dilatation following the 
intravenous administration of histamine In order to establish a 
qiiantitatn e index as to the lelative sensitivity of the cerebral blood 
vessels, the minimal effective dose that produced dilatation in the ceie- 
bral vessels as indicated by the rise in cerebrospinal pressure and an 
increase in pulsatile movements was compared with the minimal dose 
that produced a flush m four subjects in whom punctuie of the sub- 
arachnoid space was perfoimed foi theiapeutic purposes Table 3 
presents the lesults of a few of these observations In the instances 
presented, although the minimal dose (table 3) failed to pioduce changes 


Tablf 3 — The Relative Sensitivitv of the Ceiebtal Blood Vessels to Histamine, 
as Compaied zoith That of the Facial Vessels 
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m the facial vessels theie ivas a response in the ceiebral vessels as 
indicated b} both the elevated inti acranial piessme and the mciease 
in the pulsatile expansions It would appeal, then, that the sensitivity 
of minute blood ressels of the human brain to histamine is unusually 
gieat piobabh gi eater even than that of the minute A'^essels of the face 
uhich has been consideied the Avascular area most sensitiAe to histamine 

Cutaneous Blood Floiv of the Face — -As the flush is most intense 
OAei the face the change of the blood flow m this aiea following the 
appearance of the flush Avas measuied b)'^ determining the skin tein- 
peiatuie A\ith the aid of a thermocouple connected AAuth a calibrated 
gahanometei In one gioup of subjects, uath the deA^elopment of a 
blight red flush there Avas a use in the skin teinperatuie of as much 
as2aC (36 5F) indicating an inciease in the blood flow In anothei 
group such changes Aiere not deseiA'^ed The lattei gioup tended to 
dcAclop a CA anotic flush 

1/ Benedict F G Die Temperatur der menschlichen Haut, Ergebn d 
Plu'iiol 24 594, 1925 
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Blood Flow Though the Capillaiies of the Fingej-Nml Bed— With 
the aid of a special microscope, lepeated obsenatioiis weie made on the 
shape of the capillaiies of the finger-nail bed and on the blood flo\i 
thiough them after the injection of from 0 02 to 0 1 mg of histamine 
Such amounts of histamine induced no flush ovei the fingeis No 
changes in the shape of the capillaiies was noted Coinciding with the 
onset of the flush ovei the face, theie was an increase in the velocity 
of the blood flow 

THE EFFECTS OF TFIE CONTINUOUS INTRAVENOUS ADMINISTRATION 

or HISTAMINE IN MAN 

In Studying the effect of the continuous intiavenous admimsti ation 
of histamine, solutions of vaiious concenti ations, from 1 100,000 to 
1 5,000, weie employed Histamine phosphate was dissolved in sterile 
physiologic solution of sodium chloiide, the concentration of which, as 
determined by its freezing point, was 0 89 per cent A special ariange- 
ment pei nutted continuous unifoim infusion of the desired amount of 
histamine It was also possible to change fiom one concenti ation of 
solution to another oi to a physiologic solution of sodium chloride An 
infusion of saline, as a control solution, preceded each administration 
of histamine 

The subjective sensations following the continuous infusion of 
histamine aie essentially those expeiienced aftei the injection of a 
subcutaneous or a single intravenous dose ^ A sensation of heat ovei 
the face, fulness ovei the head and slight palpitation follow infusion of 
minimal effective amounts Inciease m the rate of injection is associated 
with fulness of the head, a pulsating headache, palpitation, peispii ation 
nausea and vomiting Headaches occur less often and with less seveiitv 
pioviding the rate of injection is increased gradually, when relatively 
laige continuous doses are given than after the injection of a single dose 
It appeals that sudden change m concentration jflays an important idle 
in piecipitatmg headaches It seems especially significant that, regardless 
of the duration of the infusion, the intensity of the symptoms lemains 
essentially unchanged as long as the late of injection is unaltered Often 
the sjauptoms become less severe rvith the progiess of time 

The Susceptibility of Man to Histamine — The minimal effective 
dose manifests itself in a slight elevation of the cardiac rate and m 
dilatation of the minute vessels of the face If a submmimal dose 
IS infused, such responses are not observed even ivhen the same rate 
IS maintained for houis If histamine is infused at a late gieatei 
than that of the minimal dose, a response of the cardiovascular sys- 
tem follows, the intensiti of which depends entiiely on the rate 
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l)ut not on the duration of the injection These obseivations cleaily 
demonstrate tliat histamine is changed to a pharmacologically inelfec- 
tne substance oi substances practically as fast as it is infused into 
the human ciiculation For this reason, by detei mining the late 
of injection of a submmimal and a minimal eftective late, one can 
estimate the susceptibility of the cai diovasculai system of man to 
histamine Fui thermoi e, because the i espouse of the minute cutaneous 
lilood vessels and the caidiac rate occuis earlier than the other bodily 
leactions, the minimal dose lepiesents the sensitivit) of man to hista- 

Table 4 — The Alinunal Dose of Histamine Effective in Man 
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effective dose of histamine in the blood stream Table 4 piesents these 
obseii ations The minimal effective dose vaiied from 0 006 to 0 02 
mg pei minute, with an aveiage late of 0 01 mg Although the age 
of the subjects A^aried fioiii 17 to 65, the vaiiation in age did not 
influence the susceptibilih of the subjects 

Changes in the Noinial Complexes of the Elect) ocat dwqi ams — The 
influence of the continuous nitiavenous administiation of histamine on 
the complexes of the normal electrocardiogram has been studied in 
the manner described Progiessively'^ laiger doses weie administeied 
*\nah"sis of the tracings indicate that histamine in doses as small as 
0 004 mg per minute maj depress all the complexes of the electro- 
cardiograms The effect is especialh marked on the T wave The 
degree of the depression oi ln^erslon is to a ceitain extent piopoi- 
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tional to the latc ot administration Figures 2 and 3 lepiesent iwo 
of the obser\ations made Subject GM (fig 2), aged 27 leceived 
following a contiol tiacing, pi ogressively increasing amounts of hista- 
mine fiom 0 006 mg pei minute to 0 04 mg pei minute The T ua\e 
exhibits a progiessne depression although even such laige amounts 
as 0 04 mg per minute, coi responding to 2 4 mg pei houi, failed to 
invert the T wave In the case of subject LMD (fig 3). aged 16 
on the othei hand, 0 012 mg per minute produced an m^elSlon of the 
T wave These changes m the T wave disappeaied within a feu 



Fig 2 — The effect of the continuous intravenous administrat on of histamine 
on the complexes of the normal electrocardiogram A indicates a control tracing, 
B, a tracing with an injection rate of 0 01 mg per minute, C, a tracing with an 
injection rate of 0 02 mg per minute, D, a tracing with an injection rate of 0 04 
mg per minute Tracings B, C and D show a progressive decrease in the T waie 
All tracings are of lead II 


minutes after the infusion of histamine stopped The results and the 
interpi etations of these observations are identical to those described 
aftei the sudden injection of histamine 

Heait Rate and A) to ml Blood P)essiije — Figtne 4 piesents the 
lelationship between the dosage of histamine and the caidiac late The 
duration of the infusion at an even late lasted fiom fifteen to t\\ent\ 





Fig 3 The effect of the continuous intravenous administration of histamine 
on the complexes of the normal electrocardiogram A indicates a control tracing , 
B, a tracing with an injection rate of 0 012 mg per minute, C, a tracing with an 
injection rate of 0 016 mg per minute In tracings B and C the T wave is inverted 
A.!! tracings are of lead II 
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minutes The dots of the cuives lepiesent an aveiage of several read- 
ings at the same rate of injection Increasing amounts of histamine 
were administered to the same subject The degree of elevation of 
the caidiac rate was unchanged when the same rate of injection was 
maintained, although if the rate was maintained foi a longei period, 
such as an hour or two, the cardiac rate gradually became elevated 
An inciease m the amount injected per minute produced a pro- 
giessive rise m the cardiac late In addition to the observation 
chaited, in a numbei of instances higher amounts of histamine were 
infused, up to 04 mg per minute The elevation of the cardiac rate 
above 120 was relatively slight even when the dose was inci eased con- 
siderably The maximal rate per minute was observed after the injec- 
tion of 04 mg per minute The maintenance of this late of injection 
foi one hour was accompanied by toxic symptoms, which made further 
inciease of rate undesirable The general behavior of the subject and 
the cardiovascular system in these observations was not similai to the 
description of experimental histamine shock 

Intravenous injection of a single dose of histamine as a rule fails 
to produce a fall in the arterial blood pressure m normal subjects 
Because histamine is rapidly destroyed m the human body, it seemed 
desirable to investigate the effect of continuous injections of histamine 
on the arterial blood pressure Observations on certain species of 
animals seemed to justify the assumption that histamine would also 
lower the arterial blood pressure of man This alleged effect certain 
investigators considered significant in shock and other abnormal states 
of the bod)^ 

The arterial blood pi essure was measui ed by the Riva-Rocci mercui y 
manometer, and m a numbei of instances was also graphically recorded 
u-ith the Tycos apparatus The arterial blood pressure was determined 
repeatedly on foity subjects with a normal cai diovascular system 
In addition, a special study of the blood pressure was made on ten 
normal subjects to whom progressively increasing doses, as indicated 
m figures 5 and 6, were admmisteied The rate of dosage vaiied from 
0 01 to 013 mg per minute, and the duration of the injection lasted 
fiom fifteen minutes to two hours at each rate of injection The curves 
of these ten subjects parallel the findings of the laigei unrecorded groups 
The systolic blood piessuie was essentially unaltered Some cases 
tended to show slight elevation, but the average curve of the systolic 
blood pressure was essentially a hoiizontal line The diastolic blood 
pressure showed no uniform change, its aveiage curve showing a slight 
tendency to fall as the late of injection reached 0 08 mg per minute 
or above Considering that the injection at such a i datively high rate 
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as from 0 08 to 0 14 mg pei minute is associated with intense s) stemic 
reaction and with a marked elevation of the caidiac late, it was sui- 
])rismg to observe the lack of any uniform loweimg of the systolic and 
diastolic blood piessuies 



Fig 5 — The effect of the continuous intraienous infusion of histamine on the 
stolic arterial blood pressure 



Fig 6 — The effect of the continuous intravenous infusion of histamine on the 
dnstolic arterial blood pressure 

Venous Picssuie — In ten subjects in whom the effect of giadually 
inci eased amounts of histamine on the arterial blood pressure and on 
the cardiac rate Mere studied additional observations were made on the 
venous pressure as measured by the Moritz and Taboia method 
Lithcr no change or a moderate rise which m thiee instances was 
5 cm of vater vas observed The average venous piessuie before 
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the administration of histamine was 6 cm , during the administration, 
of histamine, 7 4 cm 

Capdlaiy Piesswe — In five subjects the pressuie m the minute 
vessels of the skin was measured according to the method of Lewis 
and Haynal at the height of the histamine effect Both the open and 
the closed capsules were employed The results of these measurements 
showed that the pressure in the minute vessels varied between 10 and 
18 mm of mercury, with an average of 16 mm , as contrasted with a 
variation of from 6 to 12 mm of meicui}^ with an average of 9 mm , 
obtained on subjects without the histamine effect These results indi- 
cate but a slight arteriolar dilatation duiing the height of the hikamine 
effect following the administration of from 0 1 to 0 2 mg per minute, 
as contrasted with the marked arteiiolai dilatation that followed the 
direct cutaneous punctuie of histamine 1 1,000 In a previous com- 
munication,^® it was shown that following such a cutaneous puncture 
of histamine, the capillary pressure rises to from 40 to 60 mm of 
mercury, with an average value of 55 mm 

The Response of the Ceiehial Vessels — In a gioup of five subjects 
on whom spinal puncture was performed for diagnostic purposes, the 
effect of the continuous intravenous infusion of histamine on the cere- 
bial vessels, when administered in increasing amounts, was studied 
Again, the observation was made that minimal amounts of histamine, 
at a rate of from 0 003 to 0 008 mg pel minute, M'^hich were 
insufficient to produce an increase of the heart late or a dilatation of 
the cutaneous blood vessels, produced an increase m the pulsatile 
expansion of the cerebrospinal fluid This expansion often was not 
associated with a rise m the spinal pressuie With an increase in the 
late of the injection, the degree of pulsation inci eased, and there was 
also a rise in the spinal pressure The height of the increase in the 
cerebrospinal pressure depended on the amount of histamine injected 
and on the degree of change from one dose to another The rise fol- 
lowing the injection of 0 1 mg per minute was usually from 150 to 
200 mg of water With the maintenance of the rate for longer than 
ten minutes, the piessuie often returned to normal, but the increased 
oscillation continued unaltered as long as the injection of histamine 
continued 

Our mteipretation of these observations is that with the adminis- 
tration of histamine there is a dilatation of the minute vessels, resulting 

18 Lewis, T , and Haynal, I Observation Relating to the Tone of the Minute 
Vessels of the Human Skin With Remarks upon and Illustrations of Measure- 
ments of Pressure Within These Vessels, Heart 14 177, 1928 

19 Kills, L B , and W^eiss, S The Measurement of Capillary Pressure Under 
Natural Conditions and After Arteriolar Dilatation, m Normal Subjects and in 
Patients with Arterial Hypertension and with Arteriosclerosis, J Clin Investiea- 
tion 8*47, 1929 
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in an increase in the volume of the brain and hence in an inciease in the 
spinal pressure The increased oscillatory movements, in the absence 
of changes m arterial and venous pressure, are due to dilatation of the 
arterioles and perhaps of other minute vessels If the infusion of hista- 
mine is maintained, the elevation in spinal pressure caused by the 
increased volume of the brain disappeais, perhaps because of an increased 
absorption of the spinal fluid, but the oscillatory movements are 
unchanged because the arteiioles continue to be in a state of relaxation. 



F'g 7 — The dilator effect of histamine on the pulsatile expansions of the cere- 
bral blood vessels A indicates a control tracing, B, a tracing with an injection 
rate of 0 02 mg per minute, C, a tracing with an injection rate of 0 05 mg per 
minute, D, a tracing three minutes after the injection of histamine was stopped, E, 
a tracing ten minutes after the injection of histamine was stopped 

Another opportunity to demonstiate the eftect of histamine on the 
ceiebral blood vessels was given through observations on a patient 
vith a cranial defect as the result of an operation for the removal of a 
neoplasm The pulsation of the brain was registered with the aid of 
a flat, round oncometer applied over the cranial defect Part of the 
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results of these observations are given in figure 7 As indicated, imme- 
diately after the administration of histamine at a rate of 0 02 mg per 
minute, there was a marked increase in the pulsatile expansion of the 
brain This increase continued as long as the histamine was being 
infused With cessation of the histamine, the pulsation returned to 
normal within ten minutes The arterial and venous blood pressures 
remained unaltered during the administration of histamine 

These vascular reactions following the continuous administration of 
histamine are of the same character as those that follow the injection 
of a single dose of histamine 

The Response of the Cutaneous Blood Vessels — ^The flush that 
follows the administration of histamine is one of its most striking 
effects The nature of this reaction was investigated m a long series 
of experiments Increasing amounts of histamine were injected into 
normal subjects, and the change in color of the ,skin was compared 
with that of the skin temperature at various standard areas over the 
face, chest, arms, abdomen and lower extremities The temperature 
of the skin was measured with a thermocouple The room tempera- 
tuie was kept as constant as possible Even under such experimental 
conditions, considerable spontaneous fluctuation of the skin temperature 
was observed in certain subjects Following several control observa- 
tions with and without intravenous injection of saline, the administration 
of histamine was started and the measurements of the skin temperature 
repeated frequently at from five to ten minute intervals 

The coloi of the skin depends largely on the state of the subpapillary 
venules and, to a lesser degree, of the capillary bed ® A flush, there- 
foie, may be due to a dilatation of the venules alone or to a dilatation 
of the venules together with the arterioles and capillaries If there is 
arteriolar dilatation, the blood flow through the flushed skin area 
increases, and the degree of increase in blood flow is indicated by an 
elevation of the skin temperature 

A study of the reaction of the cutaneous blood vessels to histamine 
in thirty normal subjects indicates that the vascular response is not 
uniform As suggested m a previous communication,^® the sensitivity 
of the minute vessels generally decreased progressively from head to 
foot The flush, however, even within the same anatomic area, is not 
always uniform In one group of subjects the flush did not proceed 
downwaid diffusely with increasing dosage, but the skin areas assumed 
a mottled appearance with blotchy white islands m the midst of the 
deep red, flushed areas The blood vessels within the white areas 
were appaiently relatively resistant to histamine With elevation of 


20 Weiss, S , and Ellis, L B The Circulatory Mechanism and Unilateral 
Edema in Cerebral Hemiplegia, J Chn Investigation 9 17, 1930 
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the dosage, they often became led On repeated experiments, the same 
subject as a lule responded with a mottled flush In a number of 
instances, when the same rate of injection was maintained for over an 
hour. It was observed that the intensity of flush had a tendency to 
become less and that the mottled white areas gradually increased These 
vaiiations in the response of the cutaneous blood vessels may offer an 
explanation of the individual variations observed in the deimal mani- 
festation of certain diseases 

All the subjects lesponded with flush, and the appearance of the 
flush ovei diffeient skin areas and the dose requiied to produce it 
were fairty uniform However, not all subjects responded with an 
ele\ation of the skin temperature Of the twentj-five subjects, there 
w^ere six wdio, even with such large amounts of histamine at 0 2 mg 
pel minute up to the appeal ance of the toxic manifestation, slmved 
no elevation of the skin tempeiature, although a deep cyanotic flush 
developed In another group of tw^elve cases, with the appearance of 
an intense cyanotic flush, theie was no elevation of the skin tempera- 
ture, but wnth elevation of the dose, the cyanotic tint changed to bright 
red and an elevation of the skin temperature appeared Aftei the 
injection had been stopped, the flush lasted, although the skin tem- 
perature leturned to normal In certain of these cases it was also 
obseived that wnth the same dose one area might show' elevation in 
skin tempeiature w'hile others did not This type of leaction occurred 
most fiequently A third group (seven cases) always responded to 
histamine wnth blight color and an immediate elevation of the 
temperature 

These observations indicate that histamine pioduces a dilatation of 
the venules more legulaily than of the arterioles Dilatation of the 
■\enules frequently occuis without simultaneous dilatation of the 
aiterioles Slight dilatation of the arterial loop of the capillaries was 
observed only with arteriolar dilatation That histamine has a pie- 
dilection for the venules and the small veins is also substantiated b}’^ 
obseivation of the small visible vessels of the conjunctiva Histamine 
produced with regularity a diffuse engoigement of the small veins, 
lesulting in congestion This congestion appeared promptly with the 
onset of the injection and disappeaied wuthm a few minutes after it 
ceased In a number of instances the superflcial veins of the aim, 
especially on the side of the injection became wudei while undei the 
effect of histamine 

Caidmc Outpjit — A knowdedge of the cardiac output is essential 
to an evaluation of the state of the circulation The output of the 
heart was therefore measured in seven young noimal adults before and 
during the administration of histamine, applying the Fick piinciple 
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with the modification described by Field, Bock and Gildea Although 
this method gives somewhat high values, it was satisfactoiy for these 
measurements, which were undertaken to discover alterations in the 
minute and stioke volumes of the heart In addition, this procedure 
gives important information as to the respiratory function of the blood 
Seven or more alveolar and mixed venous samples were obtained at 
each determination The metabolism was measured by Tissot’s method 
The amounts of histamine injected during the determination of the 
cardiac output varied from 0 05 to 0 08 mg per minute, corresponding 
to from 3 to 5 mg per hour 

Following the determination of the cardiac output and other func- 
tions of the circulation under basal conditions and during saline 
infusion, the injection of histamine was started When the effect of 
histamine reached its height, usually about fifteen minutes after the 
onset of injection, measurements of the cardiac output and other factors 
were repeated Table 5 presents the results Figures for heart rate 
and blood piessure are averages of several measurements With 
two exceptions, an elevation of the cardiac output occurred The 
aveiage elevation of the cardiac output during the administration of 
histamine was 1 5 liters per minute Because of the disproportionate rise 
m the heart late there was a tendency for the stroke volume to fall from 
the average 109 cc before to 95 cc during the histamine injection There 
was a rise in the basal metabolism, corresponding to the elevation of 
the cardiac output, to 20 per cent above the basal control observations 
The relation between the change in the cardiac output and that m the 
metabolism was similai to that observed in patients with thyrotoxicosis 
The elevation m the caibon dioxide output was less than the cor- 
lespondmg increase m the oxygen absorption m every instance, so that 
a fall of the respiiatory quotient ensued Considering that the ven- 
tilation showed an elevation less than that expected from the elevation 
of basal metabolism, it would seem that the carbon dioxide, owing to 
an insufficient mciease in ventilation, was not promptly eliminated 
fiom the tissues The fall in the respiratory quotient m these relatively 
short experiments was moie apt to be due to physical alterations 
between ventilation and blood flow than to a change in the metabolized 
foodstuffs 

Circulating Blood Volume — The circulating blood volume of nine 
subjects was measuied by the method of Keith, Rowntree and 
Geiaghty^“ befoie and during the administration of histamine In 

21 Field, H , Jr , Bock, A V , Giidea, E F , and Lathrop, F L The Rate 
of the Circulation of the Blood in Normal Resting Individuals, J Clin Investiga- 
tion 1 65, 1924 

22 Keith, N M , Rowntree, L G, and Geraghty, J T A Method for the 
Determination of Plasma and Blood Volume, Arch Int IMed 16 547 (Oct) 1915 
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eveiy case the injection of histamine had been going on foi at least 
an hour in sufficient concentration to give marked systemic effects 
The subjects were the same as those in whom the caidiac output was 
measured Table 6 presents the results of these obseivations The 
blood volume showed no significant change in five persons, a slight 
increase in two and a model ate decrease in two The plasma volume 
showed no important changes in six subjects, and a slight decrease in 
thiee The hematocrit reading was increased in six, slightly decreased 
in one and unchanged in two 

Metabolism — In ordei to ascertain whether or not the described 
changes in the circulation weie associated with changes in the 


Table 6 — The Effect of Histamine on the CncnlaUng Blood Volume 


Ob<;er 

Histamine 
per Mm , 

Plasma 

Blood 

Blood Volume, 
per Cent of Hematocrit 


vation 

Me 

Volume 

Volume 

Body Weight 

Reading 

Comment 

1 


2,800 

5,085 

C5S 

43 8 

Before histamine 

2 

0 07 

2,860 

5,432 

7 03 

47 4 

During histamine 

3 


2,710 

5,355 

8 S3 

49 4 

Before histamine 

4 

0 05 

2,710 

6,370 

8 33 

49 5 

During histamine 



2,825 

2,412 

4,790 

7 50 

41 0 

Before histamine 

G 

0 03 

4,240 

6 63 

43 2 

During histamine 

7 


2,690 

2,520 

4,485 

7 60 

40 0 

Before histamine 

8 

0 08 

4,295 

7 28 

414 

During histamine 

9 


2,615 

4,675 

8 22 

441 

Before histamine 

10 

0 08 

2,245 

4,075 

715 

45 0 

During histamine 

11 


3,42') 

6,265 

7 55 

45 4 

Before histamine 

12 

0 08 

3,150 

6,100 

7 35 

48 3 

During histamine 

13 


2,630 

4,073 

7 87 

43 3 

Before histamine 

14 

0 07 

2,750 

4,850 

815 

43 3 

During histamine 

15 


2,570 

4,890 

7 43 

47 5 

Before histamine 

16 

010 

2,633 

4,845 

7 36 

45 6 

During histamine 

17 


2,930 

OiSOO 

8 22 

44 5 

Before histamine 

IS 

010 

2,850 

5,625 

8 72 

48 9 

During histamine 


metabolism, the oxygen consumption observed undei basal conditions 
was compared with that found during the administration of histamine 
Two sets of experiments were devised In one gioup of subjects the 
0x3- gen consumption was followed with the Benedict Roth instrument 
After control measurements with and without the injection of saline, 
increasing amounts of histamine were infused up to the rate of 0 12 
mg for one horn, and the metabolism was measuied lepeatedly Con- 
ti ol measurements weie also pei formed aftei the administration of 
histamine ceased In all subjects an elevation of the basal metabolism 
vas found, which letuined to the original level aftei the infusion of 
histamine was stopped Control infusions of saline produced no 
changes Three of the typical experiments aie gnen in table 7 The 
late of elevation varied in some instances, reaching as high as 50 pei 
cent In another group of seven subjects, presented in table 4 , the 
0x3 gen and carbon dioxide exchange was measuied by the Tissot 
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method In these cases, again, an elevation was found in every 
instance With the same rate of injection, consideiable variation was 
shown in the degree of elevation of the metabolism 

Effect on the Red Cells and White Cells — In five normal subjects, 
following the administration of histamine in amounts of from 7 to 
10 mg per hour, the effect on the formed elements of the blood was 

Table 7 — The Effect of Histamine on Oxygen Consumption 
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36 2 
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60 
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86 5 
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82 

110 

76 

0 08 
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421 

+ 25 


4 

60 

112 

78 
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36 3 

—11 

Ten minutes after injet 
tion of histamine 
stopped 
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71 

104 

74 


17o 

33 3 

—16 

Control without mtra 
venous infusion 

6 

71 

106 

72 


165 

31 7 

—20 

Control vith saline mfu 
Sion 

7 

90 

106 

56 

0 06 

243 

46 7 

+18 


8 

107 

95 

50 

010 

341 

65 0 

+65 


9 

103 

110 

70 

010 

231 

44 4 

+11 


10 

86 

114 

SO 


208 

401 

+ 2 

Immediately after injeo 
tion of histamine 
stopped 

11 

84 

96 

72 


206 

39 6 

0 

Five minutes after injec 
tion of histamine 
stopped 

12 

80 

100 

74 


177 

34 0 

—14 

Fifteen minutes after 
injection of histamine 
stopped 

13 

68 

116 

86 


256 

37 4 

— 3 

Control without mtra 
venous infusion 

14 

68 

112 

84 


262 

413 

+ 7 

Control with saline mfu 
Sion 

15 

73 

110 

80 

0 01 

260 

38 2 

— 1 


10 

92 
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0 06 
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43 7 
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17 
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378 

55 3 

+43 


IS 
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116 

50 

012 

408 

59 0 
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19 

72 

108 

74 


271 

39 7 

+ 3 

Ten minutes after mjec 
tion of histamine 
stopped 

20 

66 

112 

84 


278 

40 7 

+ 6 

Twenty minutes after m 
jection of histamine 
stopped 


‘Studied Blood specimens obtained immediately before and ten minutes 
and one houi aftei the injections of histamine were started weie 
compared The number of the red and white cells was counted Blood 
smears for changes in the morphology of the red cells and white cells 
^\ere studied No definite alterations in the cells and the platelets 
were obser\ed The led cells, reticulocyte counts and hemoglobin 
content showed no changes The numbei of white cells inci eased in 
all cases during the administration of histamine The numbei of 
the pol} morphonucleai leukocytes increased, and the lymphocytes 
decreased m foui of fi\e cases The fifth case had a high monoc}te 


Table 8 The Effect of Htsfatuuie on Co tain Chemical Constituents and Physical Chai actci istics of the Blood 




384 


ARCHIJ ES OF INTERNAL MEDICINE 


count throughout Theie uas some increase in the platelet count, and 
the venous blood obtained duiing the administration of histamine showed 
many clumps of platelets Because of the small number of cases studied 
and the lack of definite changes, we refrain from drawing conclusions 
from these obseivations 

The Chemical ConsMuents of the Blood — Because of the alleged 
role of histamine in surgical shock, m which condition appreciable 
concentration of the blood occurs, a number of constituents and charac- 
teristics of the blood such as the dextiose, nonpiotein nitrogen, sodium 
chloride, piotein, freezing point and specific giavity were measured in 
SIX subjects before and after the administration of histamine for one 
or two hours at a late of from 5 to 12 mg pei hour 

Although the effect of histamine was manifested m all of these cases 
by rapid heart late, intense scarlet flush, nausea and severe headache. 

Table 9 — The Effect of the Continuous Infusion of Histamine on the Lactic Acid 

Content of Blood 


Effect of Histiminc Infusion on 
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Lactic Acid, Mg per 100 Ce 
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50 

7 
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o 

30 

7 

20 3 

201 

25 2 

Cubital vein 
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10 

14 1 

17 0 

17 7 

Cubital vein 


29 

7 

16 5 

15 5 

14 2 

Cubital 1 ein 


as indicated in table 8, no appieciable change in the blood constituents 
could be detected The average amount of saline solution injected was 
30 cc per houi The freezing point of the salt solution used varied 
between A 564 and 568 It is hardly probable that the addition of this 
amount of saline thiough a relatively long time exerted a significant 
diluting effect on the blood and hence obscuied the changes produced 
b) histamine 

In another five subjects, the influence of histamine on the lactic acid 
content of the blood was investigated Histamine was administered 
for one houi, and the lactic acid content was measured as indicated in 
table 9, before and ten and sixty minutes after the injection of histamine 
was started The results of these measuiements indicate that the 
administration of histamine fails to influence definitelv the lactic acid 
content of the blood 

Although measurements of the constituents described failed to 
indicate anj inci eased concentration of the blood, the average oxygen 
capacity of the arteiial blood in seven subjects in whom the blood 

23 Fneclemann, T E , Cotonio M , and Shaffer, P A The Determination 
01 Lactic Acid, T Biol Chem 73 335, 1927 
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gases were studied lose from 22 1 per cent by volume to 2o 7 pei cent 
by volume The degree of rise was similar in every case The details 
of these observations will be reported elsewheie 

Respiration — It was observed previously^® that attacks may be 
precipitated in patients subject to bronchial and cardiac asthma by the 
administration of small amounts of histamine Associated with this 
reaction, there is a reduction of Autal capacity, and this, together with 
a lowered position of the diaphragm and the appearance of bronchi, 
suggests bronchial constiiction This assumption is further substan- 
tiated by the obseivation that epinephrine promptly relieves asthmatic 
attacks piecipitated by histamine 

This behavior of patients with bronchial and cardiac asthma raises 
the significant problem as to whether normal persons lespond with a 
similar respiiatoiy embai rassment of lesser degree, or whether in 
asthmatic patients one is dealing with an altered reaction to histamine 
The vital capacity of ten normal subjects was measured before and 
dining the height of the histamine reaction No change was observed 
Graphic representation of the respiration also failed to show change in 
the rate or depth of the respiiation, even when such laige amounts as 
10 mg of histamine were administered pei hour These findings, 
together with the comparative respiratory minute volume studies 
included in table 4 and the lack of changes in the lespiratory breath 
sounds and any complaints of dyspnea in normal pei sons, indicate that 
up to toxic doses histamine in normal persons fails to produce bi onchial 
constriction or any other type of respiratory embarrassment These 
observations, therefoie, establish the fact that patients with asthma 
leact not with inci eased sensitivity but with an altered lesponse 
(idiosjmcrasy) to histamine 

THE EFFECTS OF SUBCUTANEOUSLY ADMINISTERED HISTAMINE 
ON THE CARDIAC RATE AND BLOOD PRESSURE IN MAN 

Although the effect of subcutaneously administered histamine has 
been studied before, in order to compare the systemic as well as the 
cardiovascular effect of subcutaneously administered histamine with 
that of intravenousl} administeied histamine, a few observations were 
made on the effect of the subcutaneous administration of histamine on 
the cardiac rate and arterial blood pressure Ten young adults, after a 
control peiiod of obseivation, were given 0 5 mg of histamine, and the 
effect on the cardiac late, blood piessuie and cutaneous vessels was 
observed Both the systolic and the diastolic blood pressuie showed a 
'flight but transient fall, although this again was not obsen ed in every 
instance The cardiac late pei minute usually showed a maximal eleva- 
tion of fiom 10 to 20 beats for from three to five minutes, aftei which 
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It returned to normal The maximum mtensit} of the flusn and the 
subjective leactions coriesponded in general to the continuous intia- 
venous injection AMth a late of from about 0 03 to 0 05 mg per minute 
In thiee cases doses of both 0 5 and 1 mg weie administered at dif- 
feient times, and while a tempoiaiy slight fall in the systolic and diastolic 
pressure was observed aftei 0 5 mg , no change in the blood pressure 
was noted following 1 mg , although the elevation of the pulse late was 
gieatei and of longer duiation 

THE EFFECT OF ORALLY ADMINISTERED HISTAMINE ON MAN 

Five noimal volunteei subjects received gradually inci easing 
amounts of histamine up to fiom 200 to 500 mg No subjectne oi 
objectne changes were obsened The pulse late and the arterial blood 
pressure remained unaltered Considering the massive doses adminis- 
tered, it may be concluded that histamine fails to produce any subjectne 
eftect 01 any changes m the caidiovascular system when administered 
m unusually large amounts orally 

COMMENT 

The Sensitivity and Toleiance of Man to Histamine — The minimal 
single intiaA'^enous injection of histamine that exerts changes in the 
cerebral or facial blood vessels and the cardiac late is 0 02 mg of hista- 
mine phosphate, corresponding to 0 007 mg of histamine base, while 
the maximal injection that can be tolerated and will pioduce a marked 
cii dilator) response with mild toxic manifestation is from 0 2 to 0 3 
mg On one occasion, the sudden injection of 1 mg of histamine given 
by mistake, produced alarming symptoms for a few minutes Changes 
due to the direct effect of histamine on the caidiovascular system last 
only from forty to eighty seconds as a lule, although some of the 
sequelae of these changes, such as headache, ma) persist longer 

A comparison of the sensitivity of the human and animal cii dilations 
to histamine is obviousl) difficult because of difteience m the pharma- 
cologic effect and experimental conditions The fact that dogs, follow- 
ing the injection of 0 0054 mg pei minute pei kilogiam, show an intense 
toxic reaction (Koesslei and Hanke”^) and that human subjects 
tolerate 0 004 mg (histamine phosphate) per minute per kilogiam, with 
an intense response but no alarming manifestations, suggests that the 
lelative tolerance is essentially not different in dog and m man Such 
small doses as 0 001 mg , given intravenously, produce a definite fall 
in the arterial blood piessure of the anesthetized cat (Feldberg®), while 
0 1 mg of histamine phosphate, coi i espondmg to 0 03 mg of the base, 

24 Koessler, K K , and Hanke M T The Intestinal Absorption and Detoxi- 
cation of Histamine in the Mammalian Organism, J Biol Chem 59 889, 1924 
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pioduces a definite but not a toxic i espouse in man From these 
responses to various dosages it is fan to assume that the susceptibility 
of man to histamine is not out of pioportion to that of the highei 
mammals 

The rate of the entiance of histamine into the circulation is of funda- 
mental importance in determining the intensity of the effect of hista- 
mine on the human cardiovascular system The fact that an even rate 
of injection of histamine into the human circulation produces m gen- 
eial a uniform intensity of response, regaidless of the duration of the 
injection, indicates that histamine is promptly converted into inert 
substances in the human body The experiments presented also indi- 
cate that man tolerates, and hence is capable of destroying, as much or 
more than 20 mg of histamine in an hour, although one two-hundredths 
of this amount produces an intense reaction when injected suddenly 
In this respect, the human body behaves similaily to that of the labbit, 
as observed by Oehme Although the evidence presented indicates 
that histamine becomes inert promptly after it enters the human ciicula- 
tion, the observations do not reveal the nature of its inactivation The 
fate of histamine m the body is practically unknown Intracutaneously 
injected histamine is not destroyed locally if the circulation is stopped 
by the application of a tourniquet This suggests that all the tissue cells 
do not possess the ability to destroy histamine Our experience sug- 
gests further that the blood is not the seat of the inactivation of hista- 
mine in man Patients with cardiac decompensation, with a three to 
four-fold deciease in the velocity of the blood flow, are no less sensitive 
to histamine than peisons with a normal circulation 

The fact that the minute blood vessels respond promptly but fleet- 
mgly to a single intravenous dose of histamine is weighty evidence that 
histamine is destroyed in the endothelial surface of the vascular wall 
This conception is supported by two independent observations previously 
not fully understood by us Patients with emphysema show an 
inci eased peripheral vascular response to histamine, while in patients 
with hypeithyroidism the response is of less than normal intensity In 
emphysema the capillary bed of the lungs is considerably decreased, 
while in hyperthyroidism, with the increased cardiac output, the surface 
of the pulmonary capillary bed is probably increased All these 
obseivations point to the endothelial system of the vascular tree, and 
especially to the lungs, as important to the inactivation of histamine 
in man Best^c lather recently reported that the autolyzed lung tissue 

25 Oehme, C Ueber die Wirkungsweise des Histamins, Arch f exper Path 
u Pharmakol 72 76, 1913 

26 Best, C H The Disappearance of Histamine from Autolvzino- Luno- Tic;- 
sue, I Physiol 67 256, 1929 
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IS capable of destioying considei able amounts of histamine This action 
of the lung tissue, according to Best, possesses some of the chaiacter- 
1 sties of an enzyme Liver and kidney in vitro also destroy histamine 
Best did not deteimme the nature of the destiuction of histamine b} 
these tissues 

The fact that the oral administration of such laige amounts of 
histamine as 500 mg fails to exert any appieciable influence on the 
cardiovasculai system m man, and that such small amounts as 0 05 mg 
per minute in the blood stream exeit a definite systemic effect, would 
suggest that histamine, taken mteinall>, is inactivated before it reaches 
the general cii dilation Two explanations are open Either histamine 
IS mactn^ated by a special function of the intestines before it enters the 
portal cii dilation, oi it is destro 3 'ed b} the livei befoie it enteis from 
the portal to the gi eater circulation Considering that m animals it has 
been shown lepeatedly that the liver does not inactivate histamine to 
any extent (Popielski,-" Koessler and Hanke and Ivy and Javois “®) 
it seems pi obable that the human intestine, like that of animals, possesses 
a special capacity to destroy this substance These observations m adults 
make questionable the validity of the theorj that histamine is an 
impoitant factor in “intestinal intoxication,” as was suggested by the 
observations of Eppmger and Gutmaiin -® Mellanby,®“ Rothler and 
Roske Such doubt can be disproved only by the demonstration of 
a deci eased detoxicating or increased absorptive power of the intes- 
tines in patients with “intestinal intoxication ” 

In certain species of animals, under ceitam experimental conditions, 
histamine administered orally may enter the blood stream in sufficient 
concentration to induce changes m the circulatory mechanism (Meakms 
and Harington®®) 

27 Popielski, L B-Imidazolylathylamm und die Organextrakte I B-Imi- 
dazolylathylamin als machtiger Erreger der Magendrusen, Arch f d ges Physiol 
178 214, 1920, II Einfluss der Sauren auf die Magensatsekretion erregende 
AVirkung der Organextrakte, ibid 178 237, 1920 

28 Ivy, A C, and Javois, A J The Stimulation of Gastric Secretion by 
Amino Acids and Amines, Am J Phj'siol 68 132, 1924 , Contributions to the 
Ph 3 'siology of Gastric Secretions VI The Stimulation of Gastric Secretion by 
Amines and Other Substances, ibid 71 604, 1925 

29 Eppmger, H, and Gutmann, J Zur Frage der 'som Darm ausgehenden 
Intoxikationen, Ztschr f Klin Med 78 399, 1913 

30 Mellanby, E An Experimental Investigation on Diarrhoea and Vomiting 
ot Children, Quart J Med 9 165, 1916 

31 Rothler, H Ueber das Verhalten der Amine bei Dj^spepsie und Intoxika- 
lion, Jahrb f Kmderh 120 162, 1928 

32 Roske, G Ueber Bedingungen der Ammbildung durch Bact coli, Jahrb 
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Certain observations made in this study show that besides the chemi- 
cal inactivation of histamine in man there is also a physiologic inactiva- 
tion through the foimation of a substance oi substances antagonistic to 
histamine It was fiequently observed that if the infusion of histamine 
was continued for seveial hours, not only was theie no accumulation 
of effect, but, on the contiary, the intensity of the i espouse of the 
cardiovascular system gradually decreased Often the mottled pale skin 
island within the flushed areas progressively increased, and the degree of 
elevation of the caidiac rate deci eased Fuithermore, with cessation 
of the infusion theie was a definite rise in the systolic, and especially 
m the diastolic, aiterial blood pressuie as compared with the noimal 
contiol level, and the skin appeared remarkably pale These observa- 
tions suggest the pioduction of an antagonistic substance in man as 
a lesponse to the prolonged effect of histamine, a concept postulated 
on the basis of entirely different observations by Lewis ® and Burn and 
Dale ^ This hypothetic substance, although similar in its action to 
epinephrine, may be anothei vasoconstrictoi substance A second pos- 
sibility, that this physiologic inactivation of histamine does not occur 
through chemical antagonism, but rather as an antagonistic response 
of the vasomotor neivous system, cannot be ruled out at present 

The Response of the Cm dtovascular System — During the intra- 
venous ^infusion of histamine at rates up to toxic doses such as from 
10 to 20 mg per houi, the observed responses of the human circulation 
may be summarized as follows The cardiac rate shows a progressive 
rise to a rate as high as from 130 to 140 Simultaneously, there is a 
moderate increase m the cardiac output The cnculatmg blood volume 
shows no appreciable change after the infusion of an aveiage dose of 
6 mg of histamine in one hour The blood, however, as judged from 
the increased oxygen combining power, shows an increased concentra- 
tion of hemoglobin, although the chemical constituents of the plasma 
remain unaltered This indicates a transudation of small amounts of 
the blood plasma into the tissues Because the circulating blood volume 
decreases slightly, the mean velocity of blood increases The calculated 
mean circulation time was forty-two seconds before the administration 
of histamine and thiity-five seconds at the height of histamine effect, 
one hour after the onset of histamine injection, as was indicated in a 
previous report Because the cardiac output is not proportional to the 
elevation of the heart rate, the stroke ^ olume of the heart under the effect 
of histamine decreases slightly The metabolic late is accelerated, and 
the caidiac output inci eases about propoitionately with the metabolism 

34 Weiss, S , Ellis, L B, and Robb, G P Bodily Responses in Man During 
the Continuous Intravenous Administration of Histamine, Am J Physiol 90 551 
1929 
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Although the minute ceiebial and cutaneous blood vessels show dilata- 
tion, the blood pressuie as a lule is not lowered appreciably In a 
number of instances a moderate loweiing of the diastolic piessuie was- 
noted The \enous pressure was unaltered or slightly elevated 

The most significant of these findings is that man does not as a lule 
1 espond to histamine with a pi ompt fall m artei lal blood pressure One 
of the factois responsible foi this maintenance of a sustained arterial 
piessure is that the penpheial dilatation of the minute vessels in man, 
in 1 espouse to intiavenous infusion of histamine, is not general 
Whethei othei vasculai aieas besides the skin and the brain also i espond 
with pi ompt dilatation is questionable Amounts that produced dilata- 
tion of the minute vessels of the brain and of the skin failed to produce 
dilatation of the minute vessels of the abdominal organs m patients in 
M hoin laparotoin}^ was pei formed under spinal anesthesia Even in the 
skin vessels, the dilatation is moie apt to occur in the venules than in the 
aiterioles But even if there is an increased blood flow through the skin 
the piessuie in the minute vessels is not appreciably elevated, indicating 
onh a relative^ slight aiteiiolar dilatation as coinpaied with the dilata- 
tion that follows the direct intiacutaneous injection of histamine (Ellis 
and Weiss 

The second factoi that prevents the loweiing of the blood pressuie 
is the pi ompt response of the heait with a model ately inci eased output, 
Theie is no deciease, but, on the contrary, an mciease in theWenous 
1 etui 11 of the blood to the light side of the heart in man m i espouse to 
histamine This behavior of the human heait is contiaiy to that of 
the cat s heait, which according to Dale and Laidlaw," shows a decreased 
s}stohc output due to a decreased venous return and not to primary 
caidiac weakness RuhP® leported lecently that the decreased caidiac 
output in dogs IS mainly due to damage of the myocaidiuin Howevei, 
the doses given by Ruhl were unusually large Changes in the com- 
plexes of the electrocaidiogiam indicate that in man histamine exerts 
a diiect action on the coionary cii dilation or the myocardium even when 
adinimstei ed in i datively small amounts The more exact mechanism 
of this action of histamine on the human heart is not clear 

The demonstration of the unusual sensitivit} of the human ceiebial 
blood Aessels is especially significant Not only do the obsei\ations 
deinonstiate that the minute vessels of the human biain are capable 
of lesponding piomptly with alteration in then diainetei, but quantita- 

35 Ellis, L B , and Weiss, S The Measurement of Capillary Pressure Under 
Natural Conditions and After Arteriolar Dilatation In Normal Subjects and in 
Patients with Arterial Hypertension and with Arteriosclerosis, J Clin Investiga- 
tion 8 47, 1929 

36 Riihl A Ueber Herzinsuffizienz durch Histamin, Arch f exper Path, 
u Pharmakol 145 255, 1929 
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tive CAaluation of these lesponses suggests that histamine and perhaps 
other substances through then local action may play a role in the legula- 
tion of the cerebral circulation in man 

The gieat capacity of the human capillary venules up to the \isible 
smaller veins to lespond independently of the arteiioles has also been 
clearly demonstiated Such dilatation of the venules ovei a laige area 
may shunt and shift considerable amounts of the blood volume Thus 
one effect of the injection of histamine may be the shunting of a part of 
the circulating blood into one aiea, where the blood flow becomes 
lelatively slow, m othei areas, at the same time, it may be increased 
because of arteiiolai dilatation In our expeiience the dilation of the 
cutaneous venules with different dosages occurs more regularly than the 
dilatation of the aiterioles 

We wish to emphasize here, once moie, that the effect of histamine 
on the minute vessels and on the circulation as a whole, when intro- 
duced into the blood stream, does not necessarily beai on the alleged 
lole of histamine between cell function and local capillary activity 

Htsfamme and Musculai Exeiase — A number of the bodily 
lesponses of the caidiovascular system obseived in man following the 
administration of histamine are similai to a certain extent to those that 
occur during and immediately following exercise Increased caidiac 
late, metabolism, velocity of blood flow and cardiac output aie common 
physiologic characteristics of both exercise and histamine effect The 
degiee of the changes mentioned was less following the infusion of 
histamine than aftei exercise when i elated to the elevation of the 
caidiac late Fuitheimore, dyspnea may be intense in patients with 
circulatory failure following the administration of histamine, although 
in 1101 mal subjects this has not been observed even if the amount of 
histamine administeied was sufficient^ high to pioduce such a high 
caidiac rate as is obseived only after intense musculai exertion asso- 
ciated with dyspnea The lactic acid content of the blood failed to 
show any definite elevation during the histamine effect in contrast to 
musculai exeicise These facts, therefore, indicate that the analog} 
between the cii dilatory i espouses due to histamine arid musculai exer- 
cise IS only paitial The essential similarity is that histamine infusion, 
like musculai exercise, represents a burden on the human circulation 

Rcspuatwn and Pnhnonary Cncnlation — Study of vaiious aspects 
of the lespiration indicates that histamine produces no appreciable con- 
striction of the bionchiolar tree in normal man Since elevation in the 
intrapulmonary pressuie, as well as increased pressure in the pulmonai} 
aitery, often reflects itself in changes in the venous pressure, the finding 
of unaltered or slightly elevated venous pressure together with the 
maintenance of a noimal respiiatory mechanism is evidence that hist- 
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amine up to toxic doses pioduces no marked constiiction of the 
bronchioles or the minute vessels of the pulmonary ciicuit On the other 
hand, m patients with bronchitis, bionchial asthma and ceitain forms of 
cardiac asthma, small amounts of histamine ma} induce bronchial and 
vascular constiiction with an inciease in the venous piessure This 
suggests an altered response of the pulmonary system to histamine in 
these conditions, and the obseivations have an impoitant beaiing on 
the mechanism of anaphylaxis 

Histaimne and Ti anmatic Shock — Dale and Laidlaw,'^ in analyzing 
the effect of the continuous intravenous administration of histamine on 
anesthetized cats, observed that the circulatory responses m many 
respects are analogous to those observed in man in traumatic shock 
An investigation of the nature of the histamine shock observed levealed 
that the observed cardiac failure and lowered blood pressuie are results 
of an insufficient venous return, which is caused by stagnation of the 
blood in the capillaries and venules thioughout the body, thus depleting 
the large arteries and veins It is these circulatory characteristics that 
are most significant m shock The increased hemoglobin content, which 
lesults from transudation of the whole plasma into the tissues, is con- 
sidered by these authors not an essential, but a contnbutoiy, factor in 
the development of histamine shock Hashimoto confiimed the find- 
ings of Dale and Laidlaw that histamine inci eases the hemoglobin 
content of the blood without inci easing the total solids of the plasma 
Underhill and Kapsmow,®® however, failed to observe an increased 
concenti ation of the blood if then dogs received a sufficient amount of 
water before the experiment Similaily, in rabbits, Undeihill and 
Roth found no concentration of the blood induced by histamine 
These apparently contradictory results are of great significance for, as 
pointed out, the capillary systems of different species leacts differently' 
to histamine, and therefore it is easily probable that shock phenomena 
observed in cats may not be present in other animals 

Our observations on man revealed, m accordance with the findings 
of Dale and Laidlaw in the cat, a slight but definite inciease in the 
hemoglobin content of the blood during the injection ot histamine with- 
out any change in the protein, total solids or freezing point of the 
plasma This indicates that undei the influence of histamine the capil- 

37 Hashimoto, H Blood Chemistrj in Acute Histamine Intoxication, J 
Pharmacol &. Exper Therap 25 381, 1925 

38 Underhill, F P , and Kapsinow, R The Influence of Water Deprivation 
upon Changes m Blood Concentration Induced by Experimental Shock, Am J 
Plnsiol 63 142, 1922 

39 Underhill, F P , and Roth, S C The Influence of Water Deprivation, 
Pilocarpin, and Histamine upon Changes in Blood Concentration in the Rabbit, 
J Biol Chem 54 607, 1922 
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lanes of man permit the whole plasma to pass fioni the blood into 
tissues, spaces or lymphatics In man, the amount of plasma that left 
the blood stream after the administration of from 6 to 10 mg of 
histamine in an houi must have been small, about 6 oi / pei cent of 
the noimal plasma volume, as may be estimated fiom an increase m 
percentage of the hemoglobin combining powei The amount of plasma 
that left the blood stieani was too small to have been demonstrable b} 
the measuiement of the blood volume by the dye method The finding 
of an inci eased concentration of the blood due to tiaiisudation of plasma 
into the tissues does not indicate that the leaction of man to histamine 
IS similai to that of anesthetized cats This change, as also stated b> 
Dale and Laidlaw, is not the characteiistic feature of shock 

The important question as to whethei oi not man lesponds to hista- 
mine with a tendency to develop shock cannot be answeied definitely 
fiom the observations presented There aie several significant find- 
ings, however, that strongly suggest that m normal subjects histamine 
does not induce a shocklike condition If histamine is infused slowl) 
and continuously into the circulation of the cat, the blood pressuie falls 
piomptly, even fiom small doses This fall m piessure is early asso- 
ciated with a decreased caidiac output due to a deci eased venous return 
and stagnation of a consideiable amount of blood in the capillary sys- 
tem These changes, which foini the fundamental features of shock in 
cats, aie not observed in man, even when such laige amounts as fiom 
10 to 20 mg of histamine are admmisteied per hour for as long as two 
houis In man, the arteiial pressuie does not fall, or the fall is but 
slight and venous piessures do not decrease, hence a depletion of the 
large arteiies and veins does not occui The cardiac output and the 
mean velocity of blood flow are not deci eased but rather elevated, 
although small amounts of blood may occasionally stagnate in the 
cutaneous tissues Even here, m many instances, the blood flow is 
mci eased Evidence is lacking, therefoie, that in man histamine acts 
as a geneialized capillaiy depiessant in doses that aie capable of induc- 
ing marked systemic effects and of elevating the caidiac rate as high 
as 140 pel minute The elevated basal metabolism is also contiaiy to 
the reaction chaiactenstic of expeiiraental shock 

Objection may be made to this argument by supposing that highei 
doses than those applied in this study might induce the lesponses of 
shock Such a possibility cannot be denied, however, considering the 
intensity of the general symptoms induced by the dosage applied and 
the absence of any observable tendency to shock it is questionable if this 
objection is valid 


40 Aub, J C Studies m Experimental Traumatic Shock I The Basal 
J.tetabolism, Am J Physiol 54 388, 1920 
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Even if highei toxic doses of histamine did induce characteristic 
shock in man, the argument that shock is due to a liberation and accu- 
mulation of histamine in the blood stream would not be supported 
Such a 1 espouse could not be considered as specific, as it is observed 
with numerous chemical agents when given in toxic doses 

Although Cannon® offered evidence in support of the theory that 
traumatic shock is induced by a chemical substance, possibly histamine, 
it must be remembered that the changes in the minute blood vessels in 
shock are not chaiacteristic of the effect of any single substance A 
numbei of different chemical and physical agents might precipitate 
shock with identical circulatory changes , as Dale and Laidlaw ‘ rightly 
emphasized, “The existence of these points of community, m the action 
of substances so utterly uni elated chemically as histamine and certain 
metallic ions, forbids any assumption that the production of similar 
effects, by unknown constituents of some organ or tissue, indicates the 
piesence therein of histamine itself, or of any substance chemically 
1 elated to it The similarity depends on the fact that all act on the 
endothelium and produce in it changes probably of the same general 
type ” Recent evidence lather supports the concept that in traumatic 
shock the damage of the minute blood vessels is due to a progressive 
depression of the peripheral vasomotor mechanism This may often 
occui without the presence of histamine oi other chemical substances 
The difference in degree of the relative susceptibility of the augmentor 
and inhibitory fibers to certain stimuli explains the depressor vascular 
responses of shock These facts and our failure to leveal any spe- 
cific tendency on the part of histamine to induce shock m man do not 
support the theory that histamine is essential to oi responsible for 
tiaumatic shock m man 

SUMMARY AND CONCLUSIONS 

1 A study of the systemic effects of histamine in man and a discus- 
sion of the physiologic and pathologic role of histamine, based on these 
obseivations, are presented 

2 Following the single or continuous intravenous administration 
of histamine, the latter is converted promptly into ineffective substances 
in the human body The persistence of the action of histamine in man 
IS of but a few minutes’ duration With uniform mtiavenous 
infusion, the bodily changes induced are piactically stationary 

3 The minimal effective amount of histamine base in man is about 
0 003 mg per minute, coi responding to a concenti ation of about 

41 Smith, M I Studies on Experimental Shock with Especial Reference to 
Its Treatment, J Pharmacol & Exper Therap 32 465, 1928, The Peripheral 
^ asomotor klechamsm m Experimental Shock, ibid 34 239, 1928 
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1 2,000,000,000 paits in the circulating blood The maximal amount 
of histamine base, admimsteied intravenously, that produces toxic 
manifestations is 0 15 mg pel minute 

4 The s}mptoms and signs of histamine intoxication in man aie 
described 

5 Relativel}' small amounts of histamine (0 003 mg pei minute) 
cause a depression of the T waves of the complexes of the normal 
electrocardiogram With elevation of the dosage, the degiee of depres- 
sion increases, until the T wave may become inveited After a single 
intravenous dose, the change in the shape of the T wave is instantaneous 
with the arrival of histamine m the coronary circulation, and within 

N 

one minute there is a tendency to return to the normal shape Changes 
m the T waves aie not associated with any symptoms oi signs ref ei able 
to the heart 

6 Histamine in amounts up to toxic doses m observations of two 
hours’ duration fails, as a rule, to produce any lowering of the systolic 
aiterial blood pressuie The diastolic arterial blood piessuie shows 
a tendency to fall, but in numerous instances it also remains unalteied 
With increasing amounts, there is a progressive use in the cardiac late 

7 The venous piessuie is either unaltered or slightly elevated 

8 The effect of histamine on the cutaneous blood vessels is not 
unifoim The most characteristic effect is a dilatation of the venules 
and small veins This effect is fiequently independent of the dilatoi 
effect on the arteiioles In one group of subjects, even toxic doses fail 
to piodiice a dilatation of the arterioles as judged by the cyanotic flush 
and lack of elevation of the surface tempeiature of the skin In a 
second group of subjects, the arteriolar dilatation develops when a 
laigei dose, lather than one that produces a dilatation of the venules 
IS administered In a thud group, the dilatation of the arteiioles and 
venules occurs simultaneously 

9 As judged fiom the degiee of elevation of the piessuie in the 
minute vessels of the skin, the arteriolai dilatation following laige 
intiavenous doses of histamine is slight as compaied with that follow- 
ing the local mti acutaneoiis application of histamine base m a solution 
of 1 3,000 

10 The difteient types of obseivations piesented offei conclusne 
evidence that the minute ceiebial vessels of man respond to histamine 
with conspicuous dilatation A ceitain paiallehsm exists between the 
sensitivity of the facial and the cerebral vessels to histamine In a 
numbei of instances the ceiebral vessels weie eAcn moie sensitive than 
the facial vessels, and ceiebral arteriolai dilatation followed the intra- 
venous admimstiation of such small amounts as 0 003 mg of histamine 
base 
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11 The cardiac output per minute following the intravenous infusion 
of fiom 0 02 to 0 03 mg of histamine base pei minute increases by 
an aveiage of 1 5 hteis, oi to 20 per cent above the normal value 
Simultaneously, there is a slight fall in the stroke volume The mean 
velocity of blood flow shows a slight but distinct inciease 

12 The basal metabolism becomes elevated and may reach values 
50 pel cent above the normal There is a slight fall in the respirator} 
quotient 

13 A study of the chemical constituents and certain physical 
chaiacteristics of the blood, togethei with its hemoglobin combining 
power, indicates that with the administration of histamine, transudation 
of small amounts of whole plasma occurs This amount is too small 
to be demonstiated by the measurements of the total blood volume 
with the d}e method 

14 Histamine pioduces no demonstrable changes in the pulmonary 
^entllatlon oi in the state of the bionchioles of normal persons, but has 
a deflnite bronchial constiictor effect on patients with bronchitis, 
bionchial asthma, emphysema and cardiac asthma 

15 Histamine, when administered orally in massive doses, is ineffec- 
tne, hence, its idle m intestinal intoxication is highly questionable 

16 Evidence is piesented that during the administration of 
histamine substances aie formed oi vasomotor leflexes develop which 
act antagonistically to histamine 

17 The degree of peripheial vascular dilatation m man induced 
by histamine is not marked, and the distiibution is not widespread The 
\asodilatoi effect of histamine is promptly counteracted by an increase 
m the cardiac output and m other regulatory functions 

IS A ceitam paiallehsm exists between the circulatory responses 
that follow exercise and those that follow the injection of histamine, 
but this paiallehsm is incomplete 

19 The ^asculal and othei bodily i espouses induced by histamine 
in man differ fundamentally fiom those observed in anesthetized cats 
and in patients with traumatic shock The role of histamine in trau- 
matic shock IS theiefoie considered doubtful 
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In pieMOUS communications we have demonstrated that the mam 
biochemical changes in the albino lat suffering from a deficiency of the 
vitamin B complex are anhydreniia associated with a disturbance in 
hematopoietic function ^ and, in uncomplicated vitamin B deficiency, a 
marked i eduction in the glycogen content of the liver ^ Since in such 
avitaminosis the most pronounced symptom complex is anorexia, the 
tentative conclusion made was that the pathologic changes encountered 
may ha\ e been, at least in part, produced indirectly through a reduction 
m food consumption In this and m the communication following, 
experimental evidence is submitted on studies earned out by a method 
which eliminated the plane of nutrition as a complicating factor 
Weaned albino lats, weighing from 50 to 60 Gm and about 4 weeks of 
age, were tiansfeired fiom our stock diet 1 ® to diet 1751, satisfactory in 
every lespect, with the exception of vitamin B complex, and of the fol- 
lowing composition casein,^ 20 , salts, 185 , ^ casein, 4, butterfat, 10, and 
dextiin, 66 Littei mates of the same sex were restricted to the same 
daily watei and food intake of that diet, but received in addition an 
abundance of the Mtamin B complex by the replacing of 10 per cent of 
the dextiin m lation 1751 with dried baker’s yeast Since the plane of 
nutiition was conti oiled, the difteience in physiologic and pathologic 
lesults obtained m these two groups of animals must be attributable to 
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the specific influence of the vitamin B complex Employing such technic, 
It became apparent that in this avitaminosis there is pioduced a lipemia, 
characterized by a rise in the fatty acids, cholesteiol and lecithins of 
the blood, also that there is a considerable i eduction in the glycogen 
content of the liver 

The blood was obtained by peiipheial bleeding accoiding to the tech- 
nic pieviously described ® For the various deteimmations of lipids, even 
employing micromethods, 1 cc of blood was found necessary Such an 
amount of blood repiesented a laige propoition of the total volume of 
the small avitaminotic animals that were losing weight Theiefoie, in 



Chart 1 — ^tVeight and cholesterol cur\es for groups 1938-1939 (left) and 1966- 
1967 (right) In this and the following charts the heavj'’ line indicates the patho- 
logic group and the dotted line the control group Each division on the horizontal 
scale indicates one week Bodj" weights are expressed in grams 


Older to avoid any accompanying anemia that might be precipitated by 
such a procedure, the blood was pooled from two littei mates of the 
pathologic group, and at the same time samples were taken from two 
httermate controls Of 1 cc one-half was used foi the cholesterol 
determination and the other half for the analyses of lecithin, fatty acids 
and the iodine number, the latter giving an index of the unsatuiated 
fatty acids The cholesterol was determined b} the Liebeiman and 


6 Sure B Kik, M C , and Walker, D T J Nutrition 1 299, 1929 
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Chart 2 — ^Weight and cholesterol curves for group 1940-1941 Each division 
on the horizontal scale indicates one week 



Chart 3 — Weight and cholesterol cunes for group 1966-1967 Each dnision 
on the horizontal scale indicates one week 
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Burchard method," the lecithin by the Fiske and Subbarow method® 
and the fatty acids by the methods of Bloor, Pelkan and Allen® and 
Stoddard and Drury One modification was found helpful m the 
determination of fatty acids They were titrated m a benzene solution 
with two-hundredth-normal potassium hydi oxide made with absolute 
alcohol 

At the teimination of the experiment the animals ueie killed and 
the gl} cogen of the hveis was analyzed by a modified method of Pfluegei 
used by Con and Con 



Chart 4 — Curves of growth, iodine number, lecithin and fatty acids for group 
1966-1967 Each division on the horizontal scale indicates one tveek 

The results are presented in chaits 1 to 6, inclusive, and in tables 
1 and 2 


7 Hawk and Bergeim Phj siological ChemistrA, ed 9, Philadelphia, P 
Blakiston’s Son & Company, p 281 

S Fiske, C H, and Subbarow, Y J Biol Chem 66 375, 1925 
9 Bloor, \V R ,Pelkan K F , and Allen, D M J Biol Chem 52 191 1922 

10 Stoddard, J L , and Drur\ , P A J Biol Chem 84 741 1929 

11 Con, D F, and Con, G T T Biol Chem 70 557, 1926 
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The weight curves shown m all the charts represent the a\eiage 
growth of two littermates of the same sex Siinilarl} , the cui \ es show- 
ing the concentration of the various lipid constituents of the blood 
indicate the average figures for two littermate rats of the same sex 
This IS true of the cuives for the control animals (shown m dotted lines) 
and the pathologic animals (drawn in hea\y lines) 

It IS quite clear from all the charts that, since the plane of nutrition 
was controlled, the vitamin B complex pei se, furnished by deltydiated 
baker’s yeast, produces a consideiable effect on growth Some gioups 
in as short an interval as from five to six weeks moie than doubled their 
weight by virtue of the piesence of the watei -soluble vitamins supplied 
by the yeast, as compared with the failure of growth of htteimate 
gioups on the same diet and the same daily food and watei intake that 
weie denied the vitamin B complex 

Table 1 — Summaty of Results on the Influence of a Deficiency of the Vitamin B 
Complex on the Lipid Metabolism of the Albino Rat, Bvpiessed as 
Milligrams pei Himdicd Cubic Ccntimetcis of Blood 


Controls on Same Plane of 

Avitaminotic Nutrition, but Which in Addition 



Animals 

A_ 


Received Vitamin B Complex 


Range 

Average 

Range 

Average 

Cholesterol 

81*-118t 

0S{ 

72*-109t 

73t 

Lecithin 

3G1-610 

473 

310-513 

40C 

Patty acids 

273-1515 

420 

193-472 

338 

Iodine number (of fatty acids) 

17(M69 

310 

117-275 

177 


* Represents the average of ail the minimum figures 
f Represents the average of all the maximum figures 
} Represents the average of all the determinations 

LIPID METABOLISM 

Cholesterol — ^^Vhile there was considerable fluctuation in this con- 
stituent during the experimental period in both the contiol and pathologic 
rats, the concentiation of cholesterol was much highei in the ai itaminotic 
animals, being least, by comparison with the controls, in group 1938- 
1939 and most in group 1966-1967 (chart 1) In gioup 1940-1941 the 
cholesteremia occurred during the last fi\e weeks of the avitaminosis 
Lecithin and Fatty Acids — It is quite appaient from charts 4, 5 and 
6 that there is a higher concentration of both of these lipid constituents 
throughout the expeiimental period in the vitamin B-deficient animals,^- 
It is also evident that, in the case of the fatt} acids, the lipemia begins 
as early as fiom the first to the second week of vitamin B-depletion 
Iodine Nunibe) — The iodine number of the fatty acids represents 
the degree of unsaturation, and from the data submitted, we can con- 

12 The term ^ itamin B is used here m the sense of the group of water-soluble 
vitanuns referred to m this paper as the vitamin B complex 






Chart S — Curves of weight, iodine number, lecithin and fatty acids for group 
1940-1941 Each division on the horizontal scale indicates two weeks 



Chart 6 Cur\es of growth, iodine number, lecithin and fatty acids for group 
1964-1965 Each dnision on the horizontal scale indicates one week 
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elude that a considerable proportion of the lipemia due to fatt} acids 
belongs to the unsaturated series, since the iodine number of the blood 
of the avitaminotic animals was alwa 3 ^s higher than that of the controls 
In table 2 is piesented a summary of the aveiage figures for all the 
determinations throughout the period of experimentation, also the 
a\eiage minimum and maximum figures which constitute the lange An 
analysis of this table discloses the fact that in the disturbance of fat 
metabolism during vitamin B deficiency the fatty acids shon the gi eat- 
est use, the cholesterol the next greatest and the lecithins the least 


Table 2 — SpenHc Effect of Deficiency of Vitamin B Complex on the Glycogen 

Content of the Livei 


Group 

Animal 

Age, 

Days 

Sex 

Weight, 

Gm 

Weight 

of 

Liver, 

Gm 

Weight of 
Dextrose 
per 
Liver, 
Mg 

Dextrose 
per 100 
Gm of 
Liver, 
Mg 

Dextrose, 
per Cent 
of Body 
Weight, 
Mg 

Rathologic 

7515 

G5 

9 

31 

1 5S7C 

7 91 

493 24 

15 51 

Control 

7510 

GO 

9 

72 

1 9735 

13 78 

698 25 

1914 

Pathologic 

">17 

04 

c? 

51 

1 7140 

10 07 

587 31 

19 75 

Control 

7518 

05 

d 

OS 

2 1812 

14 28 

634 OS 

21 00 

Pathologic 

7jl9 

no 

d 

50 

1 9004 

SOI 

407 34 

10 02 

Control 

7520 

117 

d 

100 

2 7828 

1133 

40714 

11 33 

Pathologic 

7521 

122 

9 

04 

2 5000 

8 26 

330 40 

8 79 

Control 

7522 

123 

9 

147 

4 1298 

12 39 

300 01 

8 43 

Pathologic 

7031^^ 

84 

d 

54 

2 0271 

0 24 

159 83 

6 00 

Control 

7032 

85 

d 

102 

3 4404 

11 02 

337 16 

11 39 

Pathologic 

7G33» 

71 

9 

43 

1 0110 

1 81 

112 35 

4 21 

Control 

7634 

72 

9 

79 

2 7533 

412 

149 04 

5 22 

Pathologic 

7035'' 

64 

o 

30 

1 5309 

2 75 

179 03 

7 04 

Control 

7030 

05 

9 

97 

3 3289 

14 13 

424 40 

14 56 

Pathologic 

7637* 

67 

d 

55 

2 7332 

4 40 

100 93 

8 00 

Control 

703S 

08 

d 

92 

3 3093 

15 52 

408 93 

10 87 


* Killed m moribund condition 


GLYCOGEN CONTENT OF THE LIVER 

Our observations on the influence of vitamin B deficienc} on the 
glycogen content of the h\er are summaiized in table 2 The results 
aie expiessed in milligrams of dextrose per livei, per hundred grams 
of liver and per hundred grams of body weight All the avitaminotic 
animals showed a considerable reduction m the gl} cogen, expressed as 
the amount of dextrose per liver That the reduction m liver glycogen 
was not just proportional to the reduction of the weight of the liver is 
evident m that m 75 per cent of the cases the reduction of liver gl} cogen 
V as much greater than the loss of liver v eight This is indicated by the 
figures showing the amount of dextrose per hundred grams of Iner 
The reduction of liver gh cogen m the pathologic rats vas also greater 
than the loss of body weight in 75 per cent of the cases Since the plane 
of nutiition of the control animals that received the Mtamin B complex 
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in the diet was restricted to that of the pathologic animals, the pro- 
nounced reduction in the glycogen content of the liver is attributable to 
the specific influence of this avitaminosis 

Since vitamin B deficiency is seldom found to exist in this country 
in an accentuated form as it occurs in the orient, manifested as a specific 
disease, beriberi, it is quite possible that for lack of cleancut clinical 
symptomatolog}'’, many bordeihne cases are missed It is therefore sug- 
gested to the clinician that a chemical study of the blood lipids may be 
an aid to the prognosis of the need of vitamin B therapy, particularly 
in cases of malnutrition, associated not necessarily with a chronic 
anoiexia, but with a lack of normal appetite It is recognized, however, 
that cholesteremia is found in such diseases as diabetes and in chronic 
parenchymatous nephritis , also that it may be present in other defi- 
ciency diseases Theiefore, it will be necessary to have the assurance 
that there is an adequate intake of vitamins A and D, which can be 
readily furnished by cod In er oil, and vitamin C, which can be supplied 
b}'' orange and tomato juice, and that the patients are free from other 
diseases before a hpemia, if found, can be ascribed to vitamin B 
deficiency 

We are at present studying the hpid metabolism in other deficiency 
diseases 

SUMMARY 

1 A deficienc} of the vitamin B complex per se produces in the 
albino lat a hpemia, characterized by an increase in fatty acids, the 
iodine number of fatty acids, cholesterol and lecithins The increase in 
concentiation is in the ordei named 

2 A deficienc}'- of the vitamin B complex per se produces m the 
albino lat a marked reduction in the glycogen content of liver 

3 It IS suggested that the hpemia in the avitaminosis studied may 
ha-\e a clinical application 


13 Campbell, J M H Quart J Med 18 393, 1925 



AVITAMINOSIS 


V THE SPECinC ErrECT OF VITAMIN B DEFICIENCY ON THE 
DIEFERENTIAL COUNT OF THE ALBINO RAT ''' 

BARNETT SURE, PhD 

AND 

DOROTHY J WALKER, MS 

FAYETTEVII LE, ARK 

In a lecent communication Sure, Thatcher and Walker^ ha\e 
repoited that in uncomplicated vitamin B deficiency there are produced 
a lymphopenia and a coriesponding polymorphonuclear leukocytosis 
The conclusion was, however, tentativel}' reached that such changes may 
be an expiession of inanition In this article we are submitting evi- 
dence showing that such a phenomenon is a manifestation of a deficienc}’’ 
of vitamin B pei se 

Thiee gioups of littermate rats of the same sex w^ere studied in sets 
of foul The first animal received a diet satisfactory m every respect 
with the exception of vitamin B, 10 per cent autoclaved dehydrated 
yeast m the ration having supplied an adequacy of vitamin G The 
second animal lecened the same diet and was lestricted to the same 
amount of food and water daily as the first, but instead received the 
same piopoition of untreated yeast m the ration, thus being supplied 
an abundance of vitamins B and G The only limiting factor in the 
diet of the first animal w^as then vitamin B, and the difference m growth 
and the leukocyte pictuie of the blood between the first and second 
animals w^as then due to the specific influence of vitamin B, since the 
plane of nutiition w^as conti oiled The third animal received the same 
diet and the same amount of food daily as the second animal, but was 
allow^ed water ad libitum Consequently, any difference in physiologic 
and biologic findings between the second and third animal is attributable 
to the luxus consumption of water The fourth animal was allowed the 
same diet as the second animal, but was unrestricted in its daily food 
and w^atei intake Therefore, the biochemical changes produced in the 

* Submitted for publication, June 27, 1931 

* Research paper no 237, Journal Senes, University of Arkansas 
From the Department of Agricultural Chemistn,% University of Arkansas 

1 Sure B , Thatcher, H S , and Walker, D J Avitaminosis I Pathologic 
Changes in Nursing and in Weaned Albino Rats Suffering from Vitamin B Defi- 
ciencv, \rch Path 11 413 (March) 1931 
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second animal as compared with the fourth aie due to undernutntion or 
inanition 

In tables 1 to 4 we are giving typical results of one of these four 
gioup experiments 


T-^ble 1 — The DxQeienhal LeitLocvfe Coxmf oj Rat 7483 (Female) on a Diet 
Sahsfactoi y in Every Respect zvtth the Exception of Vitamin B 


Date 

Age 

Weight 

Poly 
morph 0 
nuelears 

Lvmpho 

cjtes 

Large 

Mono 

nuelears 

Eosino 

Phils 

Baso 

phils 

11/19/30 

58 

92 

20 

75 

2 

3 

0 

11/20/30 

65 

90 

17 

80 

1 

2 

0 

12/ 3/30 

72 

SO 

20 

74 

4 

2 

0 

12/10/30 

79 

86 

27 

69 

3 

0 

1 

12/17/30 

86 

89 

24 

74 

0 

2 

0 

12/24/30 

93 

93 

22 

76 

2 

0 

0 

12/31/30 

100 

91 

20 

80 

0 

0 

0 

1/ 7/31 

107 

96 

26 

74 

0 

0 

0 

1/14/31 

114 


31 

66 

0 

2 

1 

1/21/31 

121 

97 

34 

04 

2 

0 

0 

1/28/81 

128 

100 

35 

60 

2 


1 

2/ 4/31 

135 

108 

38 

59 

o 

0 

0 

2/11/31 

142 

109 

40 

54 

2 

3 

0 

2/25/31 

156 

105 

36 

58 

0 

o 

1 

3/12/31 

171 

99 

39 

56 

o 

2 

9 

3/26/31 

185 

77 

40 

54 

3 

2 

1 

4/ 8/31 

198 

78 

42 

58 

0 

0 

0 

4/15/81 

205 

73 

40 

50 

3 

1 

0 


Table 2 — The Differential Leukocyte Count of Rat 7484 (Female) on the Same 
Diet and the Same Food and Watei Intake as Its Litteimate, Rat 7483, but 
Which in Addition Received an Abundance of Vitamin B in Its Ration 


Date 

Age 

Weight 

Poly- 

morpho Lympho 
nuelears cytes 

Large 

Mono 

nuelears 

Eosmo 

Phils 

Baso 

Phils 

11/19/30 

58 

89 

18 

SO 

1 

0 

1 

11/20/30 

65 

87 

27 

73 

0 

0 

0 

12/ 3/30 

72 

88 

28 

65 

2 

4 

1 

12/10/30 

79 

85 

33 

62 

3 

2 

0 

12/17/30 

86 

93 

SO 

60 

2 

2 

0 

12/24/30 

93 

98 

23 

64 

0 

2 

1 

12/31/30 

100 

94 

21 

78 

1 

0 

0 

1/ 7/31 

107 

108 

18 

80 

0 

2 

0 

1/14/31 

114 

110 

20 

77 

2 

0 

1 

1/21/31 

121 

110 

21 

75 

2 

1 

1 

1/28/31 

128 

115 

24 

71 

2 

2 

1 

2/ 4/31 

135 

115 

20 

75 

2 

3 

0 

2/11/31 

142 

124 

21 

75 

9 

2 

0 

2/25/31 

156 

135 

23 

75 

9 

0 

0 

3/12/31 

171 

127 

24 

73 

2 

1 

0 

3/26/31 

185 

125 

22 

76 

0 

2 

0 

4/ 8/31 

198 

115 

20 


0 

2 

1 

4/15/31 

205 

114 

17 

so 

2 

0 

1 


The animals were bled pei ipherall} , and the dififerential counts were 
made, the Wright stain being used No differentiation was made 
between the small and large lymphocytes, all such cells having been 
grouped under lymphoc}'tes 

In a previous publication. Sure Kik and Walker demonstrated that 
there is no appreciable change in the total leukoc 3 de count in this avitami- 
nosis therefore, the total count was deleted in this investigation 




SURL-WALKER— AVITAMINOSIS 


407 


It IS apparent from the i epi esentative data submitted here that 
\ itamm B per se produces an eftect on growth , also that m this a\ itami- 
nosis there results a lymphopenia to the extent of about 20 pei cent with 
a coi 1 esponding poh moi phoiiuclear leukocytosis, which is a diiect 


Iabie 3 — The Diffci enlial Leukocyte Count of Rat 7485 (Female) on the Same 
Dictaiy Regimen as Its Liitci mate. Rat 7484, the Daily Food of This 
Animal JVas Rcsli ictcd to That Given Females 7483 and /484, 
hut JVatci JVas Alloived ad Libitum 


Polj Large 

morpho Lympho- Mono Eosino Bnso 


Date 

Age 

M eight 

nuclcars 

CJ tos 

nuckars 

phils 

phils 

11/19/30 

5S 

90 

17 

so 

0 

n 

o 

0 

11/20/30 

05 

94 

IS 

79 

0 

o 

j 

0 

12/ 3/30 

72 

95 

20 

78 

0 

2 

0 

12/10/30 

79 

80 

20 

73 

0 

0 

1 

12/17/30 

SO 

91 

24 

71 

2 

3 

0 

12/24/30 

93 

94 

20 

OS 

o 

2 

2 

12/31/10 

100 

91 

18 

81 

1 

0 

0 

1/ 7/31 

107 

101 

20 

78 

0 

2 

0 

1/14/31 

114 

101 

20 

79 

0 

i 

0 

1/21/31 

121 

99 

22 

78 

0 

0 

0 

1/2S/31 

12S 

105 

23 

73 

2 

2 

0 

2/ 4/31 

135 

112 

20 

09 

2 

2 

1 

2/11/31 

142 

120 

28 

70 

2 

0 

0 

2/25/31 

150 

121 

20 

78 

2 

0 

0 

3/12/31 

171 

125 

24 

72 

2 

1 

1 

3/20/31 

185 

127 

23 

75 

2 

0 

0 

4/ 8/31 

198 

117 

IS 

SO 

0 

2 

0 

4/15/31 

205 

117 

19 

81 

0 

6 

0 


Table 4 — The Diffei ciitial Leukocyte Count of Rat 7186 (Female) on the Same 
Diet as IFas Futnishcd Females 7484 and 7485, This Rat JVas Uiii ati ictcd 
or to Its Daily Food and Wafci Intake, This Is the Positive Conti ol 


Poly Large 


morplio L>inplio Mono Eosmo Baso 


Date 

Age 

Weight 

nuclcars 

cr tes 

nuclcars 

phils 

phils 

11/19/30 

58 

103 

IS 

70 

2 

0 

1 

ll/20/oO 

05 

114 

25 

71 

1 

J 

0 

12/ 3/30 

72 

127 

29 

00 

O 

o 

2 

0 

12/10/30 

79 

131 

30 

00 

J 

0 

1 

12/17/20 

SO 

139 

21 

70 

1 

o 

0 

12/24/30 

93 

147 

IS 

77 

o 

o 

2 

0 

12/31/30 

100 

152 

24 

74 

0 

2 

0 

1/ 7/31 

107 

155 

20 

78 

1 

0 

1 

1/14/31 

114 

157 

21 

77 

0 

o 

0 

1/21/31 

121 

107 

23 

73 

2 

2 

0 

1/28/31 

128 

107 

24 

70 

4 

2 

0 

2/ 4/31 

135 

108 

30 

02 

5 

2 

1 

2/11/31 

142 

172 

21 

74 

o 

3 

0 

2/25/31 

150 

174 

24 

72 

i 

2 

1 

3/12/ n 

171 

170 

23 

75 

0 

1 

1 

3/20/31 

1S5 

174 

20 

70 

4 

0 

0 

4/ S/31 

19S 

173 

21 

79 

0 

0 

0 

4/15/31 

205 

177 

20 

75 

2 

o 

0 


cxpiession of Mtamin B deficiency and not of inanition The changes 
m the laige mononucleais or monocytes and in the eosinophils and 
basophils aie insignificant in this dietaiy deficienc} It is also CMdent 
that a hbeial supply of water does not change the blood pictuie The 
suipiising fact in this stud} is that no apparent change uas obsened 
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in the difterential count as a result of undernutrition If a change were 
produced, rat 7486, whose intake was not restricted, should har^e shown 
difteient lesults from rat 7484, which was restricted to the same com- 
plete synthetic diet, but the lymphocyte-polymorphonuclear ratio was not 
disturbed throughout the whole experimental period 

In addition to the three groups of four, we have studied four sets 
of pans according to the technic described in the first part of the 
papei However, we were unable to substantiate these findings in four 
pairs of animals that were depleted of the vitamin B complex, i e , 
on a diet deficient in both vitamins B and G, the reason probably 
being that the animals on such a dietary regimen succumbed before 
an opportunity was aftoided for pathologic changes to be demonstrable 
m the blood stream 


SUMMARY 

A deficiency of vitamin B per se pioduced m the weaned albino rat 
a lymphopenia to the extent of about 20 per cent, with a corresponding 
pol}moiphonuclear leukocytosis No demonstrable changes were found 
m this avitaminosis in the monocytes, eosinophils or basophils 



EFFECT OF LIGATION OF THE PAROTID DUCTS 
ON THE CARBOHYDRATE TOLERANCE 
OF NORMAL DOGS * 

LEO M ZIMMERMAN, MDf 

CHICAGO 

Dining the peiiod, about foity yeais ago, when MinkowskO was 
establishing a probable lelationsbip between the pancieas and diabetes, 
two Italian woikers, de Renzi and Reale,- reported diabetes in dogs 
following the extirpation of the salivaiy glands and of the duodenum 
Minkowski felt that the removal of the duodenum could not be eflected 
without at the same time mateiially damaging the pancieas He 
lepeated the expeiiments on the salivary glands and found a mild 
(from 1 to 3 pei cent), inconstant, transient glycostiiia after removal 
of these glands He concluded that this glycosuria was nonspecific, 
that it was incidental to the opeiation or the anesthetic, and that the 
salivary glands had nothing to do with the control of the sugar metabo- 
lism This IS the view that, with very few exceptions, has pi evaded 
legal ding the function of the salivary glands 

In 1907, Feirannim® reported a case of “sahvaiy diabetes” in 
which the patient suffered from an excessive flow of saliva (seveial 
liters in twenty-four hours) that contained dextrose Later it was 
found that glycosuiia alternated with and replaced the glycosialori hea 
His inteiest being aroused in a possible reciprocal relationship between 
the salivaiy glands and the pancreas, Ferranmni entrusted to his assist- 
ant, Farioni,'^ a senes of investigations concerning the function of the 

Submitted for publication, June 24, 1931 

This work was aided by a grant from the Max Pam Fund for Aletabohc 
Research 

"From the Metabolic Laboratory, Department of Physiologj, Nelson klorris 
Institute for Medical Research, Michael Reese Hospital 

T Associate m Surgery, Northwestern University Medical School 

1 Almkowski Weitere Mitteilungen ueber den Diabetes melhtus nach 
Exstirpation des Pankreas, Perl khn Wchnschr 29 90, 1892 

2 de Renzi and Reale Ueber den Diabetes melhtus nach Exstirpation des 
Pankreas, Berl khn Wchnschr 29 560, 1892 

3 Ferranmni, A Glj cosialorrhee de secretion interne des glandes salivaires. 
Rev med de Pans 31 269, 1911 , Glycosiaha and Gfixosialorrhea, Riforma med 
ii 1249, 1928 

4 Farrom Funzione endocrina delle glandole salivari ed ehminazione degli 
zuccheri, Rev crit di chn med 12 577 and 593, 1911 
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salivary glands These studies showed that extracts of salivary glands 
of cattle exeited a glyco-inhibitory action in labbits, preventing or con- 
ti oiling gl}cosuria following the administration of epinephime, phlor- 
hizine and moiphine In vitro the extract exhibited marked glycolytic 
action (fiom 65 to 70 per cent) on different sugais On the basis of 
these findings, Fenannini postulated an endociine action of the salivary 
glands analogous to that of the pancreas 

No significant confirmation of these findings appealed until 1924, 
when Goljanitzki ® published results of experiments on the “substitution 
of endociine glands ” Among othei things, he found that removal of 
both paiotid and submaxillary glands m rabbits led to lapid emaciation 
and death, and glycosuria was noted Ligation of the parotid duct 
prevented glycosuria due to epinephrine In one patient with diabetic 
gangrene, ligation of the parotid duct was done, with strikingly bene- 
ficial results In a later publication additional cases weie described in 
which ligation of the parotid ducts and ti ansplantation of the sub- 
maxillar}'^ gland seemed to influence favoiably the symptoms of diabetes 

Mansfeld,® of Budapest, in 1928, sought a suigical cuie for diabetes 
He found that ligation of part of the pancreas increased the produc- 
tion of insulin He leasoned that obstruction to the external secretion 
resulted m iiici eased internal secretion On the basis of this and of 
the fact that glands of internal secretion ontogenetically and phylo- 
genetically are external secretory glands which develop an endocrine 
function when they lose their excretory ducts, he assumed that any 
gland of external secietion could be converted into one of internal 
secretion by depinnng it of its excretoiy duct Because the salivary 
glands lesenible the panel eas embiyologically and morphologically, and 
because both aie concerned with digestion of caibohydiates, he antici- 
pated that ligation of their ducts would conveit them into endocrine 
glands with an insuhn-hke secietion He accordingly ligated the parotid 
ducts of tMO dogs, and found that the blood sugai levels, particularly 
the stanation levels, weie lowered Later, the ligated glands were 
extnpated, and the sugar levels letuined to their pieopeiative values 
T^^o additional dogs weie depancreatized, and the parotid ducts were 
then ligated, with lesulting control of the diabetes Total extirpation 

5 Gofianitzki, J A Zur Frage des Ersatzes der endoknnen Druesen, Arch 
f klin Chir 130 763, 1924, Zur Frage der inneren Sekretion der Speicheldruesen 
und ihre klinische Bedeutung, Deutsche Ztschr f Chir 191 79, 1925 Goljanitzki 
and Sniirnowa Weitere Erfahrungen mit der chirurgischen Behandlung des Dia- 
betes, Ztschr f kfin kled 105 661, 1927 

6 klansfeld, G , and Szirtes, L Ueber die Beziehungen zwischen aeusserer 
und innerer Sekretion der Druesen, Arch f exper Path u Pharmakol 130 1 
and 28, 1928 klansfeld, G Versuche zu einer operativen Behandlung des Dia- 
betes, Klin chnschr 7 14, 1928 Mansfeld, G, and Schmidt, E Versuche zu 
einer operatuen Behandlung des Diabetes, Khn Wchnschr 7 1457, 1928 
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of the panel Ccis in an animal in which the parotid ducts w'cre ligated, 
liow'ever, produced just as seveie diabetes as in normal animals It 
was thought, theiefore, that the action w^as an indnect one a substance 
being produced m the paiotid glands that stimulated the pancreas to 
mci eased function Tw'o patients w^ere operated on, but the lesults 
weie not stated Seelig," of Berlin, repeated these expeiiments and 
confiimed ]\Iansfeld’s findings He subsequent!} repoited a series of 
eighteen cases of diabetes m which ligation of the paiotid ducts w^as 
done, w'lth definite amelioiation of symptoms m some of the cases 
The numbei of cases was too small and the period of obseivation too 
short to peimit the diawing of definite conclusions De Takats ® con- 
fiimed Mansf eld’s findings following ligation of the tail of the pan- 
el eas, and lecentl} lepoited two cases of juvenile diabetes in wdiich the 
clinical couise of the disease w^as favoiably influenced by this operation 

The lesults lepoited followung ligation of the paiotid ducts seemed 
to 111} co-w'oikeis and me to be of sufficient significance to w^aiiant 
fuithei investigation Accoidmgly, determinations of sugai toleiance 
w^eie made in a senes of dogs before and after ligation of both paiotid 
ducts Health}, normal animals w^eie selected for this w^oik, of sufficient 
sixe to peimit lepeated venipunctures foi the injection of sugai solu- 
tions and foi the collection of blood samples The animals weie kept 
on a knowm conti oiled diet, consisting of lean meat and milk They 
WTie fed once daily, at the same houi In the eailiei expeiiments, the 
sugai for the dextiose toleiance tests w^as administeied b} mouth 
Latei, to obviate nreguiaiities m the late of absorption, all dextiose 
solutions w'eie injected intiavenously at a timed rate Blood samples 
w^eie taken immediateh before the injection of dextrose, and at inter- 
vals of fifteen, thiity, foi t} -five, sixty and one hundied and twenty 
minutes theieaftei The determinations of the blood sugai were done 
b} the modified Fohn-Wu method, in the ehemical laboiatoiy of the 
Nelson Moms Institute foi Medical Reseaich 

It was found that repeated deteiminations of dextrose tolerance, 
by the method described, gave results that usuall} checked veiy closel} 
We aie aw'aie that this is in variance wnth the experience of others 
We feel that if conditions aie maintained as nearly uniform as possible, 
most dogs will gne blood sugar cuives that coincide very closely 

7 Seelig, S Ueber Beziehungen zwischen Parotis, Pankreas, Blutzucker und 
Diabetes mellitus, Klin Wclinscbr 7 1228, 1928, Zur cbiriirgischen Behandlung 
der Zuckerkrankbeit, Arch 1 klin Chir 157 322, 1929 

8 de Takats G Ligation of Tail of Pancreas in Jinenile Diabetes Endo- 
crinolog} 14 255 (Tub -Aug) 1930 de Takats, G , Hannctt, F , Henderson, D, 
and Seitz I T Correlations of Internal and External Pancreatic Secretion IV 
Effect of Isolation of Tail of Pancreas on Carbolwdrate Metabolism, ^rch Surg 
20 866 ara\) 1930 
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Fig 3 (clog 40) — Effect of ligation of the parotid duct on devtrose tolerance 
curves 
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Occasional!}^ an animal is encountered for which it is difficult to attain 
the usual type of curve and such animals should not be used for these 
experiments In oui experiments, the dogs were kept on the controlled 
diet for seveial weeks befoie the determinations were begun They 
wei e fed and handled by the same keeper, and his familiarity with them 
oveicame much of the apprehension and excitement of the subsequent 
determinations Repeated determinations were made on each animal at 
the beginning of the expeiiment The concentration of the dextiose 
solution and the time of injection weie kept as constant as was possible 





Fjg 5 (dog 44) — Control for charts in figures 3 and 4 No similar fall in blood 
sugar curves is seen m an animal that was not operated on 


The deteiminations of blood sugar weie made by peisons entirely 
untamiliar with the identity of the animals fiom which the specimens 
\\eie taken Duplicate determinations were made at sufficiently frequent 
internals to insuie the accuiacy of the methods Two groups of control 
animals were used, one m tvhich the tolerance studies were repeated at 
about the same intervals as in the experimental animals and another in 
i\hich a sham operation was done that involved approximately the same 
amount ot dissection in the same region as m the experimental animals, 
but 111 vhich the parotid ducts were not disturbed 

All suigical operations weie done under ether anesthesia, with 
moiphine piemedication and with the usual aseptic precautions Before 
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the paiotid ducts were ligated, the two cheeks were shaved and pie- 
paied with tinctuie of iodine An incision about thiee-fouiths inch 
(2 cm ) long was made m the line joining the angle of the mouth 
with the postenoi margin of the cartilage of the eai, over the piomment 
poi tion of the masseter muscle in the cheek The masseter muscle was 



Fig 6 — Photomicrograph of normal dog’s parotid gland 

exposed, and the duct was readily seen as a fine, tianslucent, stiaight 
stiuctuie, lying just beneath the fascia over the muscle, and i tinning 
in the diiection of the muscle fibers The only stiuctuies that might 
be mistaken foi the duct are the branches of the facial nerve These, 
however, lie slightly more superficially, are moie opaque and less diiect 
in then couise and, if followed, aie seen to bianch oi to unite with 
adjacent branches The ducts were doubly clamped and ligated with silk. 
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and the intervening segments, usually about 1 cm long, were excised 
If any doubt existed as to the identity of the duct, the segment that 
had been removed was sectioned The fascia over the ligated duct was 
closed with a few interrupted, fine catgut sutures, and the skin was 
united with an mtradermal stitch As a lule, no dressing was applied 



Fig 7 — Section oi parotid gland thirteen days after ligation of the duct Note 
dilatation of secretory ducts 

The animals withstood the operation very well Marked swelling 
of the parotid gland was apparent at the end of twenty-four hours , it 
reached its maximum m from two to three days, and then giadually sub- 
sided In some of the animals the wounds opened, discharging serous 
secretion In none were there persisting salivary fistulas Postoperative 
determinations of the sugar tolerance were not made until the wounds 
had entireh healed and the animal seemed to have entirely recovered 
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from the operation During fasting theie was no constant change m 
the blood sugar levels of our animals as a result of the ligation of the 
parotid ducts There was, however, a definite increase m the sugar 
tolerance, as measured by a lower blood sugar curve and by a rapid 
return to noimal levels following the injection of dextrose solutions 



Fig 8 — Parotid gland fifty-eight days after ligation of the duct The secretory 
ducts are dilated and there are atrophy and fibrosis of the parenchyma 

This IS well demonstrated m the charts The first postopei ative deter- 
mination of sugar tolerance usually showed a curve higher than those 
before operation This is to be attributed to the disturbance in metabol- 
ism caused by the operation and the anesthetic Subsequent curves 
showed a progressive lowering of tolerance, reaching the lowest levels 
from four to five months after the operation and then remaining con* 
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Slant There were no decided changes in the body weight or in the 
geneial condition of the animals 

111 some of the animals, the ligated glands weie subsequent!) lemoved 
in order to deteimme what effect that would have on the carbohydiate 
tolerance These expeiiments weie not conclusive In most of the 
animals, however, there was some increase in the height of the blood 



Fig 9 — Parotid gland one hundred and thirteen days after ligation of its duct 
The secreton ducts are greatly distended and there are marked atrophy and 
cirrhosis of the gland 

sugar cttrte after the removal of the glands The extirpation of the 
parotid glands could not always be satisf actoi ily pei formed These 
glands in the dog are not sharply circumscribed, but are spread out, 
being widely distributed in the deep fascia of the face To insure 
removal of all glandulai tissue, it is necessai) to make a block dissection 
of the deep fascia down to the muscles, extending from the zygomatic 
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ridge above to the masseter muscle anteriorly, the ear posteiioily and 
the submaxillary gland below So extensive a dissection requiies the 
saciifice of nerves and blood vessels, and is attended with considerable 
postopei ative swelling and not infrequently with delayed healing of the 
wound Even then one cannot be sure that all tiaces of glandulai tissue 
have been lemoved 

Paiotid glands weie lemoved at vaiying inteivals after the ligation 
of their excretoiy ducts, and the specimens were examined microscopi- 
cally Prof R R Bensley, of the depaitment of anatomy of the 
Univeisity of Chicago, studied these preparations He reported a very 
slow but gradual dilatation of the salivary ducts, with atrophy and 
fibrosis of the gland paienchyma Nowhere did he find evidence of 
prolifeiation of the gland oi of the development of abnoimal types 
of cells 


COMMENT 

The lesults of these experiments indicate that the paiotid glands 
of the dog exeit some influence as yet not recognized on the contiol of 
the caiboh}'drate metabolism This is of some significance m view of 
the total igiioiance as to the puipose of the salivaiy glands As Pro- 
fessoi Bensley expiessed it, aside from secreting some shppeiiness 
and wetness, they ha^e no known function Even the well known 
digestive function is absent in certain species of animals It has fre- 
quently been suggested that perhaps these glands might have an internal 
secietory action as well as their external secretoiy one The fiequent 
association of orchitis and oophoritis with inflammation of the parotid 
glands m epidemic parotitis has suggested a lelationship between the 
sahvaiy glands and the gonads The resemblance between the paiotids 
and the pancreas has alieady been pointed out Both structuies have 
then origins as vential out-pouchings from the pi unary intestine Both 
are conceined with the elaboration of digestive enzymes, specifically 
those of a starch-splitting nature Pancreatitis occurring duiiiig or 
after epidemic parotitis has been described (Farnam,'’ Stevens ’■°), and 
fatal cases of diabetes have followed mumps (Patrick,^^ Gundersen , 
conversely, hypertiophy and inflammation of the parotid glands have 
been noted in diabetic patients 

The results of om experiments confirm the findings of Goljanitzki,^ 
Mansfeld “ and Seelig ' They indicate a relationship between the sali- 

9 Farnam, L W Pancreatitis Following Mumps, Am J M Sc 163 859 

1922 

10 Stevens, A M Mumps of the Pancreas, Arch Pediat 42 333, 1925 

11 Patrick, A Acute Diabetes Following Mumps, Bnt M J 2 802, 1924 

12 Gundersen, E Is Diabetes of Infectious Origin > J Infect Dis 41 197 
(Sept) 1927 
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vaiy glands and the carboli 3 ^drate metabolism The nature of the action 
IS as }et unknown In a few experiments by Maiisfeld, ligation of the 
paiotid ducts was found to be without effect in totally depancreatized 
animals These results have been confirmed by Dr Samuel Saskin and 
me This would indicate that the action is not a primaiy insuhn-hke 
one, but rather that it stimulates or activates the pancreas to secietion 
of insulin Such an action might well be hypothecated Just as the 
saliva stimulates the gastiic glands to secrete gastric juice in anticipa- 
tion of its need, so the salivary glands may stimulate the pancreas to 
elaboiate insulin in anticipation of an increased need consequent on 
the taking of food The persistence of the effect after the ligated glands 
have been lemoved suggests that possibly an antisubstance has been 
prevented fiom leaching the alimentary tract by the ligation of the 
duct and thus has increased the tolerance The absence of any pro- 
lifeiatne changes in the excised glands and the fact that piogressive 
cinhosis was the only finding are the stiongest arguments against the 
existence of any positive secretion Further work is in progress in 
an attempt to determine some of these facts 

CONCLUSIONS 

1 Ligation of the paiotid ducts in noimal dogs lesults in an 
increased dextrose tolerance, as measured by the height of the blood 
sugai cuive following the injection of dextrose solution 

2 Histologic study of parotid glands removed at vaiying intervals 
aftei ligation of their ducts reveals only gradual dilatation of the ducts, 
with atioph} and fibrosis of the glandular parenchyma 

3 Extiipation of the parotid glands in which the ducts had been 
ligated produced inconstant effects on the carbohydrate tolerance 
Usuall) theie was some increase in the height of the blood sugai cuive, 
but the values rarely returned to the levels that had been maintained 
befoie the ducts were ligated 

4 Further work is in progress to deteimine the souice and natuie 
of the lelationship between the parotid glands and the carbohydrate 
metabolism 


13 Zimmerman, Leo, and Saskin, Samuel Effect of Ligation of the Parotid 
Duct on the Carbohydrate Tolerance of Totallj’' Depancreatized Dogs, Arch Int 
Med , to be published 



CHOLESTEROL-THORAX IN TUBERCULOSIS 
(CHOLESTEROL PLEURISY) 

REPORT OF A CASE 

HARRY M STEIN, MD 

BALTIMORE 

The accumulation of fluid in the pleural cavities is a common con- 
dition, a number of interesting types having been encountered, and in 
all probability the rarest of these is that known as cholesterol pleuris} 
01 sometimes spoken of as cholesteiol-thoiax Cholesterol is constantly 
found in the tissues and is also rather umfoimly found in all pleuial 
effusions, but m the latter it is practically always present as an ethereal 
salt The majority of writeis on this subject agree that the condition 
should be defined as an effusion that is rich in cholesterol m crystalline 
form, and further, that the total amount of cholesterol in the effusion 
may be high or low, the amount not always detei mining the form in 
which it IS found In some cases leported the total amount of cho- 
lesteiol has been high and in others there has been much less, but in all 
instances one should be able to demonstiate the crystals m great num- 
bers Thus the microscopic examination of the pleuial fluid exhibits 
the very typical and characteristic crystals which are peculiar to crystal- 
line cholesterol Textbooks and authorities on diseases of the chest give 
the condition scant mention and on inquiimg among my colleagues I 
can find no instances m then experiences m which cholesterol pleuiis> 
has been observed In a search of the literature twenty-one cases have 
been discovered, and the gieat majority of these are found m foreign 
journals, the condition apparently having been given much moie atten- 
tion in other countries than m our own The fiist case was said to be 
leported by Guenau de Mussy, and in 1882 Churton ^ called attention 
to two cases, one occurring in a man of 38 years who had a bilateral 
hemorrhagic pleural effusion containing much cholesterol and who sub- 
sequently developed an empyema and supposed septicemia This patient 
had a history suggestive of a tuberculous infection at the age of 18 
years, and at autopsy seveial suggestive aieas were demonstrated in 
the apex of the left lung, but unfortunately no microscopic studies of 
this tissue aie leported Another case occurred in a man of 31 yeais 
who had a previous pleural effusion and who ultimately died of 

■' Submitted for publication, June 1, 1931 

' Read before the American Climatological and Clinical Association, Hot 
Springs, Va , May 8, 1931 

1 Churton, Thomas Tr Clin Soc, London 15 9, 1882 
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cirrhosis of the liver, the autopsy shovving no tubeiculosis In 1907 
Hedestriim published the lepoit of a case of this condition, and in 
1908 Ruppeit” and Hess lepoited cases Caussade described a case in 
1914 in a man of 27 }ears who had previously had a pleuial eftusion 
that was probably tubeiculous In 1917 Schulman ® observed a man of 
62 yeais who had also had a pievious pleuial eftusion, and in the same 
3 ear Arnell ■* leported on this condition In 1918 Weems® leported 
the case of a patient who had had a previous pleuial effusion, and it wis 
his opinion that the condition of cholesterol pleurisy was probably asso- 
ciated with faulty cholesterol metabolism, his patient having a definite 
mciease m blood cholesteiol 

In 1919 Izai ^ and Shaipe^ published instances of cholesteiol 
pleuiisy, the latter citing two cases, one of which was definitely asso- 
ciated with tuberculosis The other case occuired m a boy of 9 yeais 
who probabl}'^ had a pleural tuberculosis 

Othei cases wei e repoi ted m 1924 by Stockman ® and Coyon,® the 
patients m the latter’s two cases both having tubeiculosis Mamini 
desciibed two cases in 1925, both patients having tubeiculosis Rouillaid 
and Natnelle,^’- m 1927, told of a case occuirmg m a woman who had 
had a pleuial eftusion twent)''-one 3 eais pieviously 

In making an effort to anal)^ze these reports, one is immediately 
impressed with the frequency with which tuberculous infection is 
encounteied m patients having cholesterol-thorax In a consideiable 
numbei of instances these patients have definite pulmonary tubeiculosis, 
and 111 the majoiity of cases a histoiy of previous pleural eftusion is 
noted uhich was appaiently pi unary in origin, and in the light of 
piesent-da} thinking would be looked on as being piobably tuberculous 
It IS sti iking also to note that these effusions occuired fiequentl)'^ many 
3 ears befoie the patient was seen ivith cholesteiol-thoiax With the 
exception of one case in a child of 9 3 'eais, leported b 3 '’ Sharpe, all of 
the othei patients were adults and many of them beyond the fourth 
decade of life Onl 3 r a ver 3 few of the patients were women It 
goes uithout sa 3 ung that apparentl 3 the condition follows a chronic 

2 Ruppert Munchen med Wchnschr 55 510, 1908 

3 Schulman, M Pleural Effusion, J A M A €8 1256 (April 28) 1917 

4 Arnell, P Hygiea 79 737, 1917 

5 Weems, B F Am J M Sc 156 20, 1918 

6 Izar Riforma med 35 961, 1919 

7 Sharpe, H Brit M J 2 462 (Oct 11) 1919 

8 Stockman, J Pans Theses, 1924 

9 Cojon, A , Fiessinger, N , and Meignant, P Bull et mem Soc med d 
hop de Pans 48 943 (June) 1924 

10 klamini, C Bull et mem Soc med d hop de Pans 49 1534 (Dec ) 1925 
^11 Rouillard, J , and Nativelle Bull et mem Soc med d hop de Pans 51 
1/17 (Jan) 1927 
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pleuial inflammation, the type of the pieceding mflammatoi} fluid 
being invaiiably seiofibrinous oi hemorrhagic 

Chnically, the disease must be looked on as chionic, usually not 
fatal m itself, and manifested by cough, dyspnea, veiy little if anv expec- 
toiation and practically no constitutional symptoms such as fcAer, rapid 
pulse and toxemia When postmortem mateiial could be studied, the 
changes weie inraiiably those of a long-standing chronic condition with 
much thickening of the pleuiae, and in some instances calcification had 
ensued When chemical detei minations of the blood have been made, 
theie seems to be no constanc} as to the cholesteiol values noted in the 
blood of these patients Not many instances of complications weie 
encounteied, although luptuie of the fluid into a bionchus might occui, 
and m some of the cases observed the fluid became puiulent, but the 
question of frequent puiictuies m older to relieve pressure might have 
entered into this in the way of secondary infection The diagnosis of 
the condition is made entiiel)'' by aspiiation of the chest on the basis of 
physical findings, indicating the presence of fluid m one oi both pleuial 
cavities When aspirated, this fluid might be found to be brownish, 
sometimes } ellow oi dii ty white, and it is usually thin It has a satin- 
hke appearance, and grossly one can note the presence of a sheeny 
mateiial in suspension The specific gravity of the fluid has a wide 
lange It usually does not contain oiganisms, and microscopic exami- 
nation shows myriads of cholesterol crystals in their veiy typical foim 
In none of the lepoits is ani mention made as to the demonsti ation of 
tubercle bacilli in this fluid 

As foi tieatment, it seems that some cases would probably not 
need any, but the symptoms are usually those of respiratory embariass- 
ment and frequent aspirations of the fluid would be the collect pio- 
ceduie Surgical measures should not be considered unless invasion 
of the fluid with micro-oiganisms occur 

The following case is cited from the private medical service at the 
University Hospital, Baltimore 

REPORT or A CASE 

Hisfoj y — This history was obtained from relatives and in part from the patient 
G A, a man, white, complained of headache, dizziness, vomiting and fever of ten 
days’ duration The family history was not significant For many years the 
patient had been prone to take “cold” easily, and about two weeks before admission 
to the hospital, just before the beginning of the present illness, he had an attack 
of “grip” At the age of 20 years he had an illness which was said to be pneu- 
monia, and since that time he had had cough and bronchitis every winter, the 
cough being most noticeable m the morning and accompanied by a jellowish spu- 
tum After his attack of pneumonia, he stated that the doctor aspirated some fluid 
from the left side of his chest on one occasion, but he did not remember any 
further details although he was sick at that time for a number of weeks Seven 
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3 ears before the present illness he had an attack of severe pain in the region of 
the left kidne}', which occurred off and on for several weeks, but there was no 
definite diagnosis made as to the condition then There was no history of venereal 
disease The patient’s habits were not unusual 

The patient was admitted to the University Hospital on Jan 22, 1930, com- 
plaining of headache, vomiting and some “gas on the stomach” for the past ten 
da 3 S His wife stated that he had been irrational for the past foity-eight hours 
His headaches had been persistent, his temperature has ranged from normal to 
101 5 F , and he had had several chills 

According to the pulmonary history, there had been rather constant shortness 
of breath on exertion Fifteen pounds (6 8 Kg ) in weight had been lost m the 
last 3 ear The gastro-intestmal history was not important The cardiovascular 
renal history, genito-urmary history and histor 3 '^ of the special senses showed a 
normal condition 

Physical Evamimhon — ^Jan 23, 1930 Physical examination showed a white 
man, aged 45, who resisted examination and was disoriented, he looked quite ill, 
and there was evidence of undernutrition 

The head was entirely normal except for slight redness of the throat 
Except for slight rigidity, the neck was normal 

Examination of the heart and blood pressure showed nothing unusual The 
lungs were normal except that on the left side the percussion note was impaired 
m the entire axillary space from the apex to the base and from the fourth rib in 
front down to the base, impairment blending with cardiac dulness Posteriorly, 
the percussion note w^as impaired from the angle of the scapula to the base and 
was perfectly flat The breath sounds over the left part of the back, except at the 
extreme apex, were absent The base of the right lung descended well on deep 
inspiration 

The spine and abdomen were normal 

The reflexes of the extremities were all present and normal There was no 
evidence of paralysis 

Otherwise, the results of the ph 3 ’^sical examation w^ere negative 
Laboi atoi y Rcpoits — The urine was normal except for the fact that on several 
occasions a trace of albumin was noted 

The blood was normal morphologically Cultures were negative Chemical 
examination show'ed 74 mg of cholesterol (whole blood) per hundred cubic centi- 
meters The Wassermann reaction was negative 

On Januarv 22, the spinal fluid came out under a slight increase of pressure, 
increased b 3 compression of the jugular vein, it was cloudy, contained 4 plus globu- 
lin and 348 cells per cubic millimeter Practically all the cells were lymphocytes 
The colloidal gold cur\e was 0134344321 

On Januar 3 ’’ 24, the spinal fluid was unchanged except for an increase of cloudi- 
ness and the finding of 820 cells per cubic millimeter In neither one of the two 
specimens of spinal fluid w'ere organisms of an 3 ’’ sort demonstrated The pre- 
dominant cell w'as a b^mphocyte Cultures made from the spinal fluid were entirely 
negatne, and cultures made on special potato mediums did not grow tubercle 
bacilli There w^as 23 mg of spinal fluid sugar per hundred cubic centimeters 
E\ plot atoi y Thai acentesis — ^January 23 Explorator 3 puncture was made in 
the se\enth intercostal space on the left side posteriorb'-, and considerable resistance 
was met wuth m the entrance of the needle through the pleura, giving one the 
feeling of a \er 3 ’’ hard, thick pleura A dirt 3 ’’ white, milky fluid was obtained It 
did not ha\e an 3 '' odor and when shaken in a test tube looked very much like thin 
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milk The fluid showed no pus cells or organisms and contained no fat Myriads 
of typical cholesterol crystals occupied the entire microscopic field 

The specific gravity was 1 024 , water, 80 per cent 

The cholesterol content was 2,353 mg per hundred cubic centimeters of the 
fluid 

No organisms could be demonstrated by direct smear Tubercle bacilli were 
especially sought but none found Later, all cultures made from the fluid proved 
to be negative 



Fig 1 — Roentgenogram of the chest The abnormal shadows on the left side 
are due to calcification of the pleura and fluid 

Pathologist’s Repot t on Guinea-Pigs’ Inoculation January 29 Pigs were 
inoculated with a specimen of the spinal fluid 

March 20 Postmortem examination of the pigs showed disseminated tuber- 
culosis 

Radiologic Exaiiimation (by Dr H J Walton) — January 24 Roentgen exam- 
ination of the chest showed a very dense, partially calcified shadow in the axillary 
region and base of the left lung The shadow appeared to he close to the chest 
wall and surrounded the lung The mass obscured the detail of the lung The upper 
portion of the lung above and to the mesial side of this shadow was clear and well 
aerated The entire right lung was clear There was also a slight calcification in 
the axillary region of the right base about 1 inch above the diaphragm 
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The heart was of medium size, and was slightly displaced to the right side 
The aorta was normal in width 

The impression uas that there A\(as extensive calcification of the pleura sur- 
rounding the lower axillary areas of the left lung and beginning calcification of 
the pleura in the axillary region of the base of the right lung 

The gastro-mtestmal tract was normal 

Fmal Note — January 30 It is believed fiom the history that the patient had 
some type of pleural effusion at the age of 20 years that had become cholesterol- 



2 — Lung specimen showing thickened calcified pleura and large cavity 
(held open bj^ glass rods) which contained cholesterol 

ized One might assume that he possibly had a pleural effusion long ago that 
was tuberculous m origin, and it is most interesting to note that the cause of the 
patient s death was tuberculous meningitis It has been noted before that tuber- 
culosis IS an invariable finding in cases of cholesterol-thorax 

The final diagnosis was tuberculous meningitis and cholesterol-thorax 
Abstiact ^Autopsy was performed by Dr W C Merkel, of the department 
of patholog 3 % Umversit} of Alarjdand 

The bodj was that of a well developed, though somewhat emaciated, white man 
The external examination gave negatne results The peritoneum and abdominal 
organs as examined in situ appeared normal 
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On removing the sternum, it was found that both pleural cavities were obliter- 
ated On the right side, the lung was bound to the chest wall by dense fibrous 
adhesions The right lung was voluminous, heavv and purplish red Throughout 
this lung there were small granular areas of consolidation 

The left pleural sac presented an unusual picture The left lung was much 
compressed and pushed upward and toward the midline The parietal pleura at 
the base and about the sides of the pleural cavity and the visceral pleura over the 
anterior, lateral and posterior surfaces of the lung were thick and rigid By careful 
dissection, the lung and thickened pleural sac were removed en masse A studv 
of the specimen showed the lung compressed about the large bronchi On the 
surface of the lung there was attached a boxlike mass which assumed the shape 
of the cavity from which it had been removed 

This mass was extremely hard , it measured 23 cm from apex to base, 24 cm 
across its convex anterolateral surface at its widest portion and about 14 cm in its 
greatest anteroposterior dimension The wall was hard and gritty , it was cut 
through with the aid of a bone saw On section, it was found that this mass was 
a closed cavity containing about 1,400 cc of a milky fluid m which shimmering 
particles were seen The wall was irregular, varying from 6 mm to 2 cm m 
thickness , it was composed of hyalmized fibrous tissue and contained masses of 
calcareous material and spicules of bone In the thickened visceral pleura near 
the apex of the lung, there was a fibiocaseous nodule which measured about 1 cm 
in diameter 

The brain showed a moderate injection of the vessels of the pia-arachnoid with 
some slight thickening of the leptomeninges Typical tubercles embedded in a 
tuberculous granulation tissue involved the leptomeninges No tubercles were found 
in the brain tissue 

A study of the other organs revealed little of interest There was no evidence 
of tuberculosis except in the pleura and in the meninges 

Anatomic Diagnosis — The anatomic diagnosis was fibrocaseous tubercle of 
the visceral pleura, near the apex of the left lung , tuberculous meningitis , fibrosis, 
calcification and ossification of visceral and parietal pleura of the left lung , 
“cholesterol-thorax” of the left lung, partial atelectasis of the left lung, acute 
bronchopneumonia of the right lung , old pleural adhesions of the right lung, and 
moderate generalized arteriosclerosis 

COMMENT 

1 The case leport is that of cholesterol pleuusy occuning in a man 
who had a pievious history of pleural effusion following pneumonia 
I venture the opinion that in the absence of a clearei history it might 
be that the condition was originally one of tubeiculous pleuusy with 
effusion and not of pneumonia It is interesting to note that this 
patient actually did have tubeiculosis involving the cential neivous sys- 
tem many yeais after his probably tuberculous pleurisy, and that there 
was also autopsy evidence of a tuberculosis of the pleurae 

2 Cholesterol-thoiax might be looked on in the majority of instances 
as an unusual end-iesult of a long-standing pleuial effusion winch was 
oiiginally tubeiculous in origin One might assume that in view of 
the fact that the majority of piiinaiy pleuial effusions aie tuberculous 
m oiigm the condition of cholesteiol-thorax simply means that an 
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old tuberculous eftusion that has not been cured and has not caused 
death will in some instances eventually become cholesterolized 

3 The question of cholesteiol metabolism is, of course, as yet an 
unsolved problem, and it may be possible that the only cases in which 
an old pleurisy becomes cholesterolized is in persons who have an 
abnormal cholesteiol chemistry, this observation, of course, being 
theoretical 

In pulmonary tuberculosis, the reports vary as to the cholesterol 
chemistry, and it would seem that the cholesterol content in the blood 
m tuberculous infections ma)'^ be increased or deci eased Eichelberger 
and McCluskey claim that a rising or stationaiy hypercholesterolemia 
indicates immunity and resistance, while a falling blood cholesterol or 
a low blood cholesteiol indicates a lowering in the immunity and 
resistance 

12 Eichelberger, L , and McCluske}^ K L Chemical Studies in Tuberculosis 
I Plasma Proteins, Cholesterol and Corpuscle Volume, Arch Int Med 4.0 831 
(Dec ) 1927 



CARCINOMA OF THE GASTRO JEJUNAL STOMA 
FOLLOWING OPERATION FOR PEPTIC 

ULCER 

HARRY A SINGER, MD 

CHICAGO 

Since gastio-entei ostomy came into general use in the treatment for 
peptic ulcer and its complications, certain nosologic entities pieviously 
practically unknown have loomed into prominence Gastrojejunal ulcer, 
a unique and unimportant lesion prior to the eia of gastro-enterostomy, 
IS now accorded a gieat deal of space in treatises on peptic ulcer High 
intestinal obstruction accompanied by symptoms of a vicious cycle 
evoked little attention until the universal adoption of gastro-entei ostomy, 
after which an enormous literature appealed on the subject To these 
more common sequelae of the anastomosis can be added carcinoma of 
the stoma, an extremely i ai e but interesting condition 

The occurrence of a malignant growth at the site of a gastrojejunal 
anastomosis was mentioned by Schwarz^ in a paper dealing with obsei- 
vations at operation in gastro-entei ostomized peisons The authoi gave 
an account of a patient who had an anteiior gastro-enterostomy per- 
foimed in 1909 foi pyloric ulcer The patient felt well foi about six 
years, after which he began to lose weight and to vomit Laparotomy 
disclosed a huge dilatation ot the proximal loop and collapse of the 
distal loop The cause of obstiuction, according to Schwaiz, was a 
carcinoma of the gastio-enterostomy ring Metastases to adjacent 
lymph glands and to the peritoneum were also noted A Braun 
anastomosis was pei formed and was followed by rapid impiovement 
The patient was convalescing at the time the report was rendered, and 
no subsequent communication has appealed A second instance of 
caicinoma in the line of union of the stomach and jejunum was men- 
tioned by Huist and Stewait,- without any accompanying clinical history 
or desciiption 

A third case was reported rather recently by Eichelter ^ A man of 55 
had a partial gastiectomy (Billroth II) performed for chronic penetrating 

* Submitted for publication, June 25, 1931 

"^From the Department of Medicine of the University of Illinois College of 
Medicine and the Department of Pathology of the Cook County Hospital 

1 Schwarz, m discussion of Lengemann Operationsbefunde an Gastroenter- 
ostomierten, Zentralbl f Chir 53 3000 (Nov 20) 1926 

2 Hurst, A F, and Stewart, M J Gastric and Duodenal Ulcer, London, 
Oxford University Press, 1929, p 429 

3 Eichelter, G Spontanperforation des paralytisch erweiterten Duodenal- 
Schenkels 4 Jahre nach subtotaler Magenresektion wegen Ulcus (primares Karzi- 
nom an der Anastomosenstelle) , Deutsche Ztschr f Chir 222 106, 1930 
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ulcei He lemained well for three and one-half }ears, then abdominal 
sjmptoms reappeaied When he came tindei the obseivation of Eichelter, 
at the age of 59, he was suffeung fiom symptoms of a peiforative 
peritonitis Opeiation disclosed a nodulai tumor at the anastomosis, 
dilatation of the pioximal loop and acute luptuie of a distention ulcei 
111 the duodenum Duodenojejunostomy and jej unostomy weie per- 
foimed Shortly thereaftei the patient died Autopsy showed the 
gastro-entei ostomy stoma to be nan owed by a firm, infiltiative growth, 
which microscopically pioved to be an adenocaicmoma The mucosa 
m the region of the anastomosis showed thickened folds and tumoi 
toimation One of the mucosal swellings pi ejected into the nan owed 
mouth of the pioximal loop Several metastases weie found in the hvei 
and esophagus and m a few penpancreatic lymph glands The diagnosis 
of simjfie ulcei made at the time of the original opeiation in 1925 was 
confiimed by fuithei study of the pieviously lesected lesion Eicheltei 
concluded that the carcinoma had its point of oiigin in the anastomosis 

A fouith case, which constitutes the basis of this communication, 
piesents a numbei of mteiestmg featuies that appeal to warrant a 
1 athei detailed repoi t 

REPORT OF CASE 

J , a white man of 52, entered the Cook County Hospital for the first tune 
on Idarch 14, 1929, with gastro -intestinal complaints ascribed to a suspected gastro- 
jejunal ulcer He related that he had suffered periodically from epigastric distress 
and heartburn from 1900 until the early part of 1918, when an appendectomy was 
pertormed No relief followed In June of the same year, he consulted and wa-. 
operated on by Dr N M Percy, who gave me a complete operative report The 
laparotoni}" disclosed a duodenal ulcer, a chronic cholec 3 ^stitis and extensive peri- 
gastric adhesions The operative procedures included pidorectomy, with posterior 
gastro-enterostomy, cholecystectomy and division of the adhesions For a year 
following laparotomy, the patient felt entire^ relieved of his previous symptoms 
After this time, he began to suffer from a recurrence, which led him to attend a 
dispensar\, where he was treated at irregular intervals, with indifferent results 

At the time of entrance into the hospital, postprandial pain, bloating, acid eruc- 
tations and an occasional attack of vomiting were the presenting complaints The 
physical examination disclosed nothing of value An Ewald meal returned no free 
aciditj and 13 degrees of combined acidity The test for occult blood on the gastric 
contents Mas positive The chemical test for blood m the stool, which proved positive 
prior to treatment, subsequently became negative The roentgenologic report indi- 
cated a Mell functioning gastro-enterostomj^ M'lth no evidence of ulcer On Sippy 
management, the patient improved greatlj’^ but continued to belch He was dis- 
charged on April 1, 1929, and immediately returned to his usual occupation 

The patient M'as not heard from until Oct 7, 1929, vdien he reentered the 
hospital on account of severe lumbar pain and systemic manifestations of sepsis 
An osteomv elitis imohing the twelfth dorsal and first lumbar vertebrae was dem- 
onstrated and a soft parts abscess subsequenth'' incised and drained After recov- 
ering from the lumbar abscess, the patient directed attention to his gastro-mtestinal 
complaints He stated that folloMung discharge from the hospital in April, 1929 
he remained fairh comfortable for from three to four months After this period. 
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his former epigastric burning reappeared one hour after meals As time went on, 
the interval between food-taking and the occurrence of distress became shorter and 
shorter until at the time of his second admission it was usuall} less than fifteen 
minutes Alkalis afforded but partial relief 

Phj’'sical examination disclosed, in addition to a considerable loss in weight, an 
egg-sized, circumscribed mass located in the epigastrium The mass moved with 
respiration and was not tender Repeated Ewald meals yielded no free acid and a 
total that varied between 6 and 10 degrees The maximum quantity of material 
regained by aspiration was 60 cc The test for occult blood on both the gastric 
contents and the stool was persistently positive A roentgen examination made on 
Oct 29, 1929, showed a filling defect on the greater curvature in the distal third 
of the stomach, and a gastro-enterostomy stoma that functioned moderately well 



Fig 1 — Roentgenogram showing the filling defect on the greater cur^ature 
side of the distal third of the stomach 


The roentgenologist. Dr C H Warfield, suggested the diagnosis of carcinoma of 
the gastrojejunal stoma 

The patient continued to suffer from postprandial epigastric burning, which was 
consistently aggravated by alkalis Hydrochloric acid afforded some amelioration 
In addition to the burning, the patient complained of a hunger pain, which occurred 
before meals and at night and was generally relieved by food Two additional 
roentgen examinations demonstrated the same defect (fig 1) that had been noted 
previously The distress increased in intensity and persistency until the patient 
finally consented to submit to an operation Accordingljq on Feb 6, 1930, a lap- 
arotomy was performed by Dr R W McNealy There was evidence of a pre\ lous 
pylorectomy and posterior gastro-enterostomy In the region of the anastomosis a 
soft, irregular mass was felt There were no enlarged glands in the Mcmiti and 
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no demonstrable tumor nodules in the liver The enterostomy was unhooked and 
the portion of stomach containing the tumor mass resected The defect in the 
jejunum was then united to the lower end of the gastric opening (Billroth II) 
Following operation, the patient vomited fresh and clotted blood A blood trans- 
fusion and coagulants failed to check the hemorrhage, and on Feb 8, 1930, two 
da^ s after operation, the patient died Permission for autopsy was not granted 
Gloss Dcscnptwii of Tumoi — The specimen consisted of a resected sleevehke 
portion of the stomach that measured 3 and 6 cm along the lesser and greater 
cur\ atures, respectively The distal end had been long since surgically closed The 
diameter of the pro-vimal opening was 8 cm The mucosa in the region of the 



Fig 2 — Polypoid tumor involving approximately three fourths of the circum- 
ference of the gastrojejunal stoma (seen from the gastric side) The histologic 
material for figure 3 was obtained from the right border of the defect (J) 


proximal opening was relatively normal In approaching the gastro-enterostomy, 
the mucosa was seen to be thickened and somewhat mammillated Occupying the 
region of the distal stoma was a polypoid mass (fig 2), which apparently had its 
point of origin in the margin and encircled about three fourths of the opening The 
tumor was crescentic in form, the widest portion being near the greater curvature 
side, w'here it measured 6 cm The narrowest portion of the tumor was located 
near the lesser curvature, m the region of which it possessed a width of 2 cm The 
tumor consisted of closelj set polyps of approximately uniform length but of varia- 
ble thickness The polyps that projected from 1 5 to 2 cm above the surface of 
tiie surrounding mucosa were from 2 or 3 mm to 2 cm thick The thin polyps 
had slender pedicles w'hereas the thicker polj’^ps w'ere for the most part sessile 
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Cross-section of the gastric wall permitted differentiation of the individual coats 
The mucosa exhibited a moderate thickening and demonstrated polypoid projections 
composed of a relatively homogeneous, white tumor tissue The submucous layers 
were unchanged except for moderate thickening of the muscular coat In the region 
of the lesser curvature was a strip of tissue 3 cm broad which was free from the 
aforementioned luxuriant pediculated growth The mucosa here, however, was not 
smooth, but presented discrete, oval and round elevations, from 3 to 8 mm m 
diameter, projecting from 2 to 4 mm above the surface of the normal mucosa 



Fig 3 — section taken radial to the axis of the stoma to include intestinal 
mucous membrane (i), tumor tissue (t) and gastric wall (g) , X 7 


Cross-section of the gastric wall in this region showed the excrescences to be sessile, 
mushroom-like thickenings of the mucosa without extension into the subjacent 
layers 

Mtcioscoptc Repoit — The most informative sections were the radial ones taken 
through the ring of polypoid tumor tissue to include parts of the adjoining jejunal 
and gastric walls (fig 3) On the intestinal side, the mucous membrane was thrown 
into delicate folds (valvulae conniventes), which exhibited the characteristic cr 3 >-pts 
of Lieberkuhn, containing numerous goblet cells (fig 4) Except for an increased 
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number of cellular elements in the tunica propria, no significant abnormality of the 
intestinal mucosa was noted 

In approaching the polypoid overgrowth there was a rather abrupt transition 
(fig 4) from the relatively normal intestinal mucous membrane to an atypical 
papillary structure, which presented the characteristics of a neoplasm The newly 
formed tissue (fig 5) consisted mainly of acini, which were irregular in size, form 
and arrangement The glands were generally lined by a single layer of columnar 
epithelium having no specific characteristics In places, the lining cells assumed a 



Fig 4 — A higher magnification of the region indicated in figure 3 to demon- 
strate the transition from a relatively normal intestinal type to a neoplastic type 
of tissue, X 35 


ciiboidal form There was a lack of uniformity in the relationship of the epithelial 
cells to one another A moderate variation m size, shape, polarity and chromatin 
content of the individual cells was noted Mitotic figures were encountered rather 
frequently The lumina of the atypical glands contained varying quantities of pre- 
cipitated albumin and cellular elements, including macrophages filled with hpoid 
droplets, poh morphonuclear leukocj^tes and round cells The interglandular sup- 
portue tissue ^\as edematous and densely infiltrated by cells similar to those noted 
mthin the acini In some areas, the hpophages were extiemely numerous, whereas 
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m other areas the accumulations of polymorphonuclear leukocytes were particularly 
thick 

The transition from the papillary growth described to the nonneoplastic gastric 
mucous membrane (fig 6) was a gradual one In approaching the latter, there 
was encountered a zone in which the glands in the deeper layers were gastric in 
type and typical in character, whereas those in the superficial layers were indifferent 
in type and atypical in character In passing further, the glands that were of the 



Fig 5 — A higher magnification of an area in the polypoid tumor (fig 3 t), 
illustrating the anaplastic character of the growth, X 80 


pyloric ty^pe assumed a relatively normal appearance, except for cystic dilatations 
and minor distortions In the tunica propria of this area there were dense infiltra- 
tions of round cells and macrophages Sections from different portions of the tumor 
exhibited essentially the characteristics described However, in some areas, the 
papillary nature of the growth was much more pronounced than in the portion 
illustrated in figure 3 There was also a wide variation in the number of poly- 
morphonuclear neutrophils present, for in some sections the leukocytes were densely 
accumulated whereas m others there were few' 
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In sections from the flat papillomas located near the stoma, different types of 
proliferated glands were noted In some preparations, the glandular structures were 
of normal appearance, whereas m others the neoplastic character described in con- 
nection r\ith the polypoid overgrowth was noted Transitions between the two 
kinds of glands were commonly encountered For instance, in the same section 
one found crypts and tubules that were relatively normal in appearance and others 
that were somewhat irregular and bizarre m configuration The cells lining the 



Fig 6 — A higher magnification of the transition zone (indicated in fig 3) 
between gastric mucous membrane, the seat of a catarrhal inflammation, and the 
adenocarcinoma, X 35 


atypical structures were frequently polymorphous and possessed hyperchromatic 
nuclei The degree of anaplasia of these crypts and tubules was insufficient to 
justify an unqualified diagnosis of carcinoma, as infiltrative and destructive proper- 
ties were not demonstrable However, the lack of uniformity and the atypical 
appearance of the glands and individual cells suggested a “precarcinomatous” state 
Each of these papillomatous nodules appeared to constitute an independent tumor, 
since no connection between them was demonstrable 
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The mucous membrane m the region of the aforementioned papillomas had a 
variegated appearance There were areas where the tubules were greatly reduced 
in number, being replaced by dense infiltrations of round and plasma cells, macro- 
phages and poh'morphonuclear leukocytes In other areas, there were flat and 
poljpoid prominences made up of closelj set proliferated glands Cystic dilatations 
were in places quite prominent, as were also wide and irregular gastric pits A 
number of the epithelial cells covering and lining these pits had undergone goblet 
cell metaplasia The musculans mucosae was thickened and densel}^ infiltrated b}^ 
inflammatorj’- cells 

COMMENT 

The leappeaiaiice of symptoms following gastro-entero-anastomosis 
for peptic ulcer geneially indicates a benign complication or sequel 
Recuiience of the old oi foimation of a new ulcer and nonmalignant 
obstruction aie most fiequeiitly suspected Occasionally, howevei, the 
clinical manifestations may be produced by a carcinoma In one such 
case, that of Schwarz,’- a patient Avho had remained well for six years 
after gastio-enterostomy developed symptoms of obstruction of the 
stoma, which weie due to a malignant giowth In another case, that of 
Eichelter,^ a neoplasm by encroaching on the lumen of the stoma led to 
manifestations referable to obstruction of the pioximal loop In a thud 
case, the one herein lepoited, the carcinoma, being polypoid, produced 
no clinical obstruction, but gave rise to a set of indistinctive symptoms 
The piesence of a palpable mass and the loentgen evidence of a filling 
defect within the gastric silhouette furnished the chief reasons for the 
preoperative diagnosis of carcinoma of the anastomosis 

The mam point of interest centeis about a possible causal lelation- 
ship between the presence of a gastro-entei ostomy and the development 
of a caicinoma In other words, does a gastro-enterostomy determine 
111 any ivay the occuirence of a malignant giowth, or is the coexistence 
an accidental one^ In the case reported by Schwarz,’- obseivations with 
regard to the tumor were limited to the palpation of a mass at the stoma 
and the piesence of metastases in the adjacent lymph glands and the 
peritoneum There was no oppoitunity foi further obseivation, as 
excision was not attempted at operation and the patient was still alive 
when the publication appeared Whether or not the neoplasm oiiginated 
111 the anastomosis and was actually related to it cannot be ascei tamed 
from the facts available The case of Hurst and Stewart ^ sheds no light 
on the problem as no description of the tumor accompanies the report 
In Eiclieltei ’s ^ case, the communication does not include facts that aie 
most pertinent to the question of a causal relationship The statement 
that the gastiic mucosa at the anastomosis showed thickened folds and 
tumoi formation is suggestive of a hypertrophic gastritis, which may 
be considered a forei tinner of caicinoma (see a later paiagiaph) 
Unfoitunately for present purposes, the mam theme of the paper is the 
duodenal obstruction, and the gross and microscopic aspects of the new 
giowth are slighted From the information obtained in Eichelter’s 
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leport It would be difficult to establish any lelationship between the 
artificial stoma and the development of the malignant growdh In the 
case herein described there appears to be adequate evidence to suggest 
that the occuirence of the carcinoma at the new stoma was determined 
by the gastro-entei ostomy 

Theie is a growing tendency on the part of pathologists to considei 
inflammatory hyperplasia, polyposis and carcinoma as meiely stages ol 
one pathogenic process The three types of prohfeiation aie frequent!} 
coexistent and accompanied by transitional stages that denote almost 
unequivocally the development of one fiom the other In the stomach, 
particularly, is the association of inflammatory hypeiplasia, adenomatous 
polyps and polypoid caicmoma a relatively common one The evidence 
pointing to a direct relationship between cbiomc gastiitis and caicmoma 
of the stomach is most convincing The hteratuie and personal obser- 
vations indicating the precarcinomatous natuie of chronic inflammatoiy 
changes in the stomach have been splendidly piesented by Konjetzny,^ 
to wdiose works the reader is refen ed foi moie detailed information 

If it IS true that chronic gastiitis may lead to carcinoma (in a pre- 
disposed subject), the malignant growth at the stoma m the case reported 
here can be reasonably associated with the gastro-entei ostomy The 
histologic sections demonstiate the presence of chionic inflammatoiy 
changes of high giade in the gastric mucous membrane about the 
anastomosis Presumably the gastritis was the lesult of abnormal 
mechanical and chemical insults due to the altei ed physiology conditioned 
In the opeiation In addition to the atiophic-hypei plastic changes 
wdnch constituted part of the gastritis piopei theie wmie a number of 
f lankly benign sessile and pediculated polyps There wmre also small 
polypoid growths that contained atypical structuies and cells suggestive 
oi "piecaicinomatous” prohfeiation and others that were frankly 
malignant Tiansitions from inflammatoiy hyperplasia to benign neo- 
plastic oveigroivth and fiom benign to malignant hyperplasia could be 
readily identified The presence of seveial independent carcinomatous 
poljps also favors the view of an inflammatoiy etiology, since a niulti- 
centiic origin is, accoidmg to Konjetzny ^ and otheis, charactei istic of a 
malignant condition developing from a chionic gastiitis The occurrence 
of the large pol}poid mass just at the stoma is explained by the cii- 
cumstance that the site of anastomosis was subjected to the maximum 
injur} and ivas therefore the first to undergo inflammatory and subse- 
quent malignant changes Whethei or not a pyloric carcinoma ivould 
have developed had no gastio-etnerostomy been pei formed is open to 
conjecture 

4 Konjetzri}, G E in Anschutz, W, and Konjetznv, G E Die Geschwulste 
des Iilagens, Deutsche Chirurgie, Stuttgart, F Enke, 1921, pt 46, first half, no 1, 
p 26 Die entstehungsgeschichthchen Beziehungen der Gastritis zum Karzinom, in 
Henke, F and Lubarsch, O Handbuch der speziellen pathologischen Anatomie 
und Histologie Berlin, Julius Springer, 1928, vol 4, pt 2,«p 904 
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The mechanism -concei necl m the piocluction ot acute dilatation ot 
the stomach is not fully undei stood Numeious theoiies have been 
advanced to account foi it, but none has been entiielj adequate The 
leason is peihaps to be explained b}'’ the fact that this condition ma} be 
bi ought about m seieial difteient ways 

When hist desciibed b} Biinton’^ it was thought to be piimaiil} a 
passive phenomenon of a puiely paiahTic natuie Connei - stated 
“The absence m almost all cases of obvious obstruction at the pyloius, 
and the fact that a similar paialytic distention of the intestines is a not 
uncommon phenomenon after abdominal opeiations and in peiitonitis 
seived to suppoit this view as has also the expeiimental woik of Canon 
and Halhon ” ® The lattei investigators said that “aftei lesection of 
both nerves (vagi) above the diaphiagm we have seen pioduced in the 
dog an enoimous dilatation of the stomach and of that poition of the 
esophagus inneivated " 

The occuiience of acute dilatation of the stomach aftei section of the 
\agi, howevei, is quite laie, since many investigatoi s who have pei- 
foimed this opeiation m animals have failed to obseive it, although they 
have consistently found a change in gastiic peristalsis^ Ivy,® working 
on dogs, and Patteison® on lower animals, found on making actual 
measurements that the postuial tone of the stomach is deci eased aftei 
section of the gastiic vagi foi a period of several days, that is, more 

Submitted for publication June 29 1931 

' This investigation has been aided bi a grant from the Josiah klac} , Jr 
Foundation 

■^From the Department of Physiology and Pharmacology, Northwestern 
University Medical School 

1 Brinton, quoted bi Conner Am J M Sc 133 345, 1907 
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5 Ivjq A C Physiolog-s of Stomach Studies on Gastric Ulcer, Arcli 

Int Med 25 6 (Dec ) 1920 

6 Patterson, T L Am T Phvsiol 49 147, 1919, ibid 53 293, 1920 
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ail ^^as necessaiy to pioduce a certain intiagastiic pressuie after sec- 
tion of the vagi than befoie Loss of vagus tone may be a contributing 
tactoi, but not a piime oi sole factor 

In the eail} pait of the twentieth centuiy, numerous investigators 
among them Connei, felt that “the most impoitant single cause of such 
stomach dilatation is the sudden incarcei ation of the duodenum between 
the loot of the mesenteiy which passes in front of it and the vertebral 
column behind ’ For a time this condition was widely discussed in this 
country and elsewhere and became known m the literature as arterio- 
mesenteric occlusion Moie recently, howevei, numerous investigatoi s 
have observed acute dilatation to occur within a few minutes or even 
seconds duimg the couise of an abdominal operation, right under the 
vei}'- eyes of the opeiatoi These occuirences have led to a belief that 
dilatation may be an active and not a passive phenomenon This lapid 
accumulation of gas within the stomach has been due undoubtedly to 
some piocess that has shut off the oropharynx from the laryngopharynx 
and has hi ought about an expii ation of an from the lungs and tiachea 
into the esophagus and stomach The possibility of this occuirence has 
been studied lecently by Mclver on experimental animals He came 
to the conclusion that “the distinguishing feature of acute dilatation 
occurimg under geneial anesthesia is an active one and not a passive 
phenomenon The gas lesponsible is atmospheric am ” Just why this 
ail is duel ted into the stomach and not into the nasal passages he 
does not attempt to say 

However, regaidless of the mechanism that may produce dilatation 
ot the stomach the lesultmg symptoms are quite similar once this 
condition obtains The immediate effects aie only slight, but if the dis- 
tention is prolonged ovei seveial hours or days the symptoms become 
lei}^ giave, and death will fiequently occur unless this condition is 
piomptly leheved 

The cause of death, like the mechanism pioducing dilatation has 
neier been adequately explained 

The literatuie contains the leports of numeious cases ot patients who 
have died fiom prolonged distention of the stomach There have been 
numeious theories advanced to explain the cause of death just as there 
have been to explain the mechanism producing the distention, and the 
reason foi so many theories is probably the same, namely, there are 
undoubtedly numerous factois that play a role in the production of the 
fatal outcome In view of the recent woik on the cause of death in 
simple high intestinal obstiuction, the rapidly fatal effects of dilatation 
have been attributed to similar causes, among them the loss of chlorides 
III the gastric juice the loss of fluids and essential intestinal juices such 

7 Mcrter A Ann Surg 85 704, 1927 
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as bile and pancieatic juice coupled with a failuie of the oiganism to 
obtain nutiitive materials and fluids Undoubtedly these factois play an 
important role m the cause of death However, the paper of Conner - 
emphasizes the seiious nature of acute dilatation of the stomach and 
the lapidity with wdiich death ensues unless it is relieved Further, the 
jiathologic leports included in Connei’s papei point out the fact that the 
stomachs of patients dying of this condition manifest gross and 
micioscopic changes These changes in the stomach aie probabl}' the 
result of the disturbance of the circulation of the gastric wall and, 
we feel, may play an important lole in the fatal outcome This possi- 
bilit}’’, ive believe, has been overlooked in lecent yeais in view of the 
emphasis that has been placed on the loss of chlorides in the gastiic 
secietion But so fai as we have been able to find, no one has studied 
the effects of prolonged distention of the stomach pei se 

We thought that the effects of distention of the stomach pei se 
might be studied b)^ placing a large balloon into the stomach by means 
of gastrostomy and then distending it ivith watei a piocedure that 
would pi event the loss of watei and chloiides through vomiting and 
hence avoid this complicating factor Also, since distention of the 
stomach may diiectly or indiiectly affect the heart, which condition might 
be one of the factois concerned in the cause of death fiom dilatation 
of the stomach, electrocaidiogiams weie made before and during the 
peiiod of gastiic distention 

EXPERIMENTAL METHODS 

We performed gastrostomies on twelve dogs under sterile technic A large 
rubber balloon was inserted into the stomach immediatefi^ after gastrostomy and 
was then inflated with varying amounts of water Enough water was introduced 
(from SOO to 700 cc ) initially to prevent any leakage of gastric juice through the 
fistula The balloons were further distended at intervals over periods ranging 
between twenty-two and seventy -two hours The total amount introduced varied 
somewhat with the size of the dog, or varied between 1,200 and 2,250 cc This 
amount of fluid was used with the idea in mind that it is about twice the amount 
of milk that a dog of this size would voluntarily ingest when hungry Dogs 
weighing from 15 to 30 pounds were used Electrocardiograms were made on seven 
dogs before and at intervals after distention 

RESULTS 

The distention of the stomach resulted m the death of all the twelve 
dogs m fiom twentj-six to ninety boms In all the dogs the distention 
caused retching at the time the fluid tvas fiist mtioduced, but none of 
the dogs tvas able to vomit and therefoie could not lose fluids and 
chlorides m this mannei After the first peiiod of i etching the animals 
became more oi less adapted to the distention and either did not retch 
subsequent!} or only infrequently Most of them salnated, which 
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denotes that the nausea-saln ary mechanism was probably contmuoush 
excited No fluid was lost \ia the fistula, except m two instances in 
which the balloons weie luptuied during the night, when this happened 
a new balloon was introduced and distention again produced Noiiv. 
of the dogs developed diarihea An excess of fluid (from 200 to 250 cc ) 
was present at autopsy in the lumen of the intestine m five instances 
and was piesent chief!} in the duodenum and stomach 

Blood chloiides weie detei mined m seven of the dogs (dogs 5, 8 
9, 10, 11, 13 and 14), the Van Slyke method being used Only a vei> 
slight fall occuiied in six of the seven dogs, the last blood chloiide 
in milligrams pei hundred cubic centimeters of blood taken prioi to 
death being dog 5, 430 dog 8, 316, dog 9, 480 dog 10 430, dog 11 
442, dog 13, 442, and dog 14 435 The urine was scanty 

Electrocardiograms weie made piioi to the distention and daily in 
most cases thereaftei on seven dogs The distention caused a marked 
acceleiation of the heart late and a disappearance of the sinus aiihythmia 
which IS normal!} quite maiked m dogs The T wa^e was negatne 
before distention in six of the sei'^en dogs Distention caused it to 
become negative in one dog (no 5) m which it was positive, and 
maikedly accentuated its negativity m the otheis The Q wave was 
uniformly accentuated The electrocaidiogiams of dog 5 aie paiticu- 
laily interesting in that theie was some evidence of abnoimal auiiculai 
activity piior to distention as shown by the occtinence of an occasional 
“ectopic auiicular contraction” (^) and a notching oi sinning of the 
P wave Two and one-quarter hours after distention was induced the 
suspected ectopic conti action became veiy evident, being positive in 
lead 1, diphasic or negative in lead 2 and negative in lead 3 It was 
legulai and of the same voltage as the P wave Twenty-foui hours 
latei the ectopic wave was negative in lead 1 In leads 2 and 3 an 
occasional -ventricular complex was piesent (fig 1 2 and 3) Othei 
occasional iiiegulaiities were piesent in the electiocardiogiams which 
wei e difficult to intei pi et 

After the pieliminaiy peiiod of retching, the dogs gradually became 
moie and moie depiessed, listless and weak and died in coma without 
muscular twitchings or comulsions 

Autopsy was peifoimed on some dogs immediately aftei death, and 
on those dying duiing the night it was performed eaily the next morn- 
ing There was no evidence of peritonitis in any of the dogs with 
the exception of dog 6 m which there was some question, and in dog 10 
in which a gas bacillus infection -was present in the wall of the duodenum 
Serosanguineous fluid was present in the peritoneal cai it} of nine of the 
twelve dogs The stomach was markedly distended in all the dogs as 
might be expected, as w^as also the case in dog 14 in wdiich the balloon 
was found to be luptuied at autopsy This distention of the stomach 
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invohed the p}lonc anluim, which was usually not distended by the 
balloon The stomach wall was markedly thinned out and in practicall} 
e\ery dog mucosal, submucosal and subseious hemorihages were 
present Hemorrhagic erosions of the stomach ^^ele present in some 
of the dogs The entiie intestine was dilated in three (dogs 2 , 5 and 9), 
the duodenum in two (dogs 3 and 10) and the duodenum and jejunum 
m one (dog 8) The intestine was either not distended or contracted 
m SIX dogs (dogs 1, 4, 6, 11, 13 and 14), the ileum was contracted m 
one (dog 8) and the ileum and jejunum ueie normal in one (dog 10) 
The supeiioi mesenteric vein and the splenic and pancreaticoduodenal 
veins uere always distended, frequently markedly so The stomach and 
duodenum weie usually maikedly congested and discolored The spleen 
and pancreas were congested as a lule Fat neciosis was observed in 
two dogs In four dogs the lungs ueie congested, but otheiwise 
negatn e 

PROTOCOLS 

Only a condensed protocol of each of the twelve experiments will be 
given Autopsj^ recoids and complete analysis of electiocardiograms will 
not be included because of lack of space 

Dog 1 — Distention of the stomach was produced by introducing 2,000 cc of 
water over a thirty-four and one-half hour period into a large rubber balloon 
placed in the stomacli bj means of gastrostomy Death ensued wuthin the next 
tw'enty-four hours 

Dog 2 — Distention w'as produced as in dog 1, 1,500 cc of water being intro- 
duced over a tw'ent\-tw'o hour period Death ensued in thirty-six and one-half 
hours 

Dog 3 — Distention was produced as before, 2,250 cc of winter being introduced 
over a seventv-two hour period Lethal issue occurred in approximately ninety 
hours 

Dog 4 — Distention was produced as before, 2,250 cc of w'ater being introduced 
over a period of sixty-fiie hours Death occurred in eighty-five hours 

Dog S — Distention w'as produced as in the other experiments Predistention 
blood chlorides ranged from 450 to 460 mg per hundred cubic centimeters of blood 
The balloon w^as distended wnth 1,750 cc of w'ater over a twenty-four hour period 
The blood chlorides fell to 430 mg The dog then pulled the balloon out Redis- 
tention began six davs later The balloon w^as distended with 2,250 cc of water 
over a fort 3 ^-eight hour period The dog died during the next tw^elve hour period 

Electrocardiograms taken prior to the first distention show'ed an inverted T 
w'ave m lead 1 On distention, m lead 1 the T w'a\e was inverted, in lead 2 
and 3 it was notched and the Q w'ave w'as exaggerated The P w^ave w'as distinct, 
but was occasionally immediately preceded b^ an irregular ectopic contraction of 
low^ voltage We could not be certain whether this effect w'as cardiac or somatic 
After tw'entj-four hours of distention, the T wa’ie was positne in all leads with 
a slight notching at its apex The heart rate was 280 per minute The balloon 
was pulled out bj the dog, and six dajs later an electrocardiogram was made 
Lead 1 showed a small diphasic or nnerted T w’a%e (fig 1 Al) In lead 2, the 
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T wave was positive (fig 1, A2) In lead 3, the P and T waves were notched 
occasionallj’’, owing to an occasional ectopic contraction of the same voltage as the 
P wave The balloon was inserted and distended with water Two and one- 
quarter hours later a rhythmically occurring ectopic contraction was present in 
lead 1 (fig 2, Bl) and the T wave was positive In leads 2 and 3 the same 
abnormality was present, but was negative (fig 2, B?) in lead 3 The ectopic 
contraction had no effect on the ventricle and its rhythm followed the sinus 
arrhythmia Twenty-four hours later lead 1 showed a negative (fig 3, Cl) 
rhythmical ectopic contraction In leads 2 and 3 the ectopic contraction was 
positive (fig 3, C2 and C3) and an occasional “ventricular complex” ( ’) occurred 
Dog 6 — Distention w'as produced as in the other dogs, 2,000 cc of water being 
introduced into the balloon within the twenty-twm hour period The dog died 
twenty-six hours after the dilatation w'as begun 



Fig 1 (dog 5) — Control electrocardiograms made prior to the second disten- 
tion Note in lead 1 {Al), the diphasic or inverted T wave and m lead 2 the 
positive T w'a\e 


Dog 8 — Distention w'as produced Electi ocardiograms and blood chloride 
determinations were made before the onset of dilatation of the stomach The 
blood chlorides ranged from 475 to 490 mg per hundred cubic centimeters of 
blood Control electrocardiograms (fig 4, A) showed a cardiac rate of from 
60 to 80 per minute with a marked sinus arrhythmia There was a diphasic or 
negative or diphasic T wave in all three leads Subsequent studies on other sup- 
posedly normal dogs show^ed this same phenomenon of a negative T wave quite 
frequentty 

Distention of the stomach with 2,000 cc of water over a five hour period gave 
a markedly negative decimation of the T and Q waves m leads 2 and 3 (fig 4, B) 
The heart rate was accelerated appreciably and the arrhythmia abolished The 
dog then pulled the balloon out during the night Redistention was not begun 
again until three dav s later, when the blood chlorides were found to be 430 mg 
Control electrocardiograms at this time showed a rate of 140 with a slight sinus 
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arrliythmia The T wave was inverted in all three leads (fig 4, C and D) Redis- 
tention was begun , 1,500 cc of water was introduced during the afternoon Electro- 
cardiograms taken five hours after the onset showed a marked acceleration of 
heart rate with abolition of the sinus arrhythmia and a very marked accentuation 
of the negative T wave (fig 4, E) The balloon was found ruptured the next 
morning The blood chlorides were the same Electrocardiograms revealed a rate 
of 90 per minute with a reappearance of the sinus arrhythmia The T wave was 
broadened and was again dichrotic The increase in voltage was to be noted and 
the appearance of a Q wave in lead 1 The balloon was redistended during the 
morning and afternoon with 1,750 cc of water The blood chlorides were 320 mg 
at 5 p m Electrocardiograms taken the following day at 2 p ni , i e , twenty- 
eight hours after distention, with 2,250 cc of water in the balloon, revealed a 
marked tachycardia with a moderate!}^ accentuated negative T wave in all leads 



Fig 2 (dog 5) — Electrocardiograms made tvo and one-quarter hours after 
distention of the stomach Note that the T wave is positive and that there is a 
rhythmically occurring ectopic contraction Measurements show that it is influ- 
enced by the sinus arrhvthmia The ectopic contraction is negative in lead 3 (B3) 


(fig 4, F) An occasional complex occurred which was difficult to interpret The 
blood chlorides at this time were 316 mg The dog was alive at 11 p m thirty- 
seven hours after the onset of the third distention, but died some time before Sam 

Dog 9 — Distention was produced as m the other dogs Predistention blood 
chlorides were 520 mg The electrocardiogram was normal except for sinus 
arrhythmia and an iinersion of the T wave Distention was begun at 12 noon, 
1,200 cc of water was introduced by 4 p m The blood chlorides at 4 30 p m 
were 480 mg , electrocardiograms showed a disappearance of the arrhythmia and 
a marked acceleration m rate The dog was found dead at 8 a m the next 
morning 

Dog 10 —Distention was produced as before Predistention blood chlorides 
ranged between 470 and 474 mg per hundred cubic centimeters of blood Electro- 
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cardiograms showed a rate of 110 and a QRS complex of low amplitude The 
T wa^e w'as inverted in leads 2 and 3 and flattened in lead 1 Distention was 
produced w'lth 1,000 cc of water all at one time, i e , approximately twenty minutes 
were required to introduce it When betwreen 700 and 800 cc had been inserted, 
the dog retched some Twenty-four hours later 500 cc more was introduced 
Respiratory distress, frothing at the mouth and retching were noted Electro- 
cardiograms taken nineteen hours after distention show^ed more marked inversion 
of the T wave, abolition of the arrhythmia and a rather marked tachycardia The 
blood chlorides tw'entj-four hours after the dilatation w'ere 430 mg per hundred 
cubic centimeters The dog died wnthiii thirty-six hours of the onset of the 
experiment 



Fig 3 (dog 5) — Electrocardiograms made tw’entj-four hours after continuous 
distention Note the negative ectopic rhythmical contraction in lead 1 (Cl) and 
that it IS positive in lead 2 (C2) and lead 3 (C?) Lead 3 (C3) show's a “ventricu- 
lar complex” that occurred occasionally 


Dot If — Distention w'as produced as in the other expenments The dog 
was all brown with long hair Predistention blood chlorides w'ere 480 mg Electro- 
cardiograms showed a late of 120 and a slight sinus arrhythmia The T 
wave was inverted m all three leads (fig 5, A) Distention was produced with 
I 000 cc of water Retching occurred when 700 cc had been added Five hundred 
cubic centimeteis was added first, then 500 cc thirty minutes later Electro- 
cardiograms taken nineteen hours later showed a marked accentuation of die 
negative T wave, abolition of the arrhvthmia and a marked acceleration of the 
cardiac rate (fig 5, B) The blood chlorides twenty -four hours after distention 
were 442 mg Five hundred cubic centimeters more of vv'ater was added The 
dog died within thirtv-six hours 




iMg 4 (clog 6) —The A senes is the control electrocardiogram The B senes was taken imme- 
diateh after distention Note the tachycardia and accentuation of the T wave The balloon nas 
pulled out The C senes was taken twenty-eight hours after the second distention, when the dog 
wa^ quite sick The balloon w^as pulled during the night Series D w^as taken the following after°- 
noon Note the increase in \oltage in lead 1 and that the tachycardia has persisted for from twelve 
to eighteen hours after release of distention The stomach w'as distended again Series E was taken 
Ine hours after the third distention The balloon ruptured the next morning A,n elect! ocarcho- 
gram was taken Then the stomach was distended again and twentv-cight hours later sere. T was 
taken The clog died at thirtv-seven hours 
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Dog 13 — Distention was produced as in the other experiments The dog 
was a white fox terrier Predistention blood chlorides were 460 mg per hundred 
cubic centimeters of blood Electrocardiograms showed a rate of 90 with a nega- 
tive T wave m all three leads (fig 6, A) and a moderate sinus arrhythmia One 
thousand cubic centimeters of water was introduced over a ten minute period 
Nausea and retching were noted when 700 cc had been introduced Electrocardio- 
grams taken nineteen hours after distention showed a rate of 240 per minute 



Fig 5 (dog 11) — Series A is the control electrocardiogram Series B was 
taken nineteen hours after distention 



Fig 6 (dog 13) — Series A is the control electrocardiogram Series B was 
taken nineteen hours after distention 


with an abolition of the sinus arrhythmia The 1 wave was negative m all three 
leads and moderate!}" accentuated (fig 6, B) The blood chlorides twenty-four 
hours after distention were 442 mg per 100 cc of blood Five hundred cubic 
centimeters more of water was added After the addition of 300 cc , dyspnea, frothing 
at the mouth and retching were noted The dog died during the night, less than 
thirty-six hours after the onset of the distention 

Dog 14 — The dog was all brown, with long hair and a long tail Predisten- 
tion blood chlorides ranged between 476 and 509 mg per hundred cubic centimeters 
Electrocardiograms showed a rate of 100, a slight sinus arrhythmia, an inversion 
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of tlic P wave in lead 3 and an inversion of the T wave in leads 2 and 3 The 
negative 1 waves were rather marked In lead 1 the T wave was positive 
Distention was produced with 1,000 cc of water over a fifteen minute period 
Fifteen minutes later the dog vomited a small amount of frothy material The 
balloon was found to be ruptured the next morning Blood draw n for the chloride 
determination showed 457 mg per hundred cubic centimeters The balloon was 
reinserted and distended with 750 cc of water Slight respirator} distress and 
retching occurred during distention Electrocardiograms taken immediately after- 
ward showed a positive P wave m lead 3 There was a moderate tachjcardia, 
and the sinus arrhj'thmia was abolished Blood chlorides twenty-four hours after 
redistention were 433 mg Electrocardiograms tvventv-si\ hours after a second 
distention were quite similar to the previous electrocardiograms The negative T 
wave was slightly more accentuated and the rate more rapid (180) The blood 
chlorides at thirtv-one hours were 420 mg , at forty-eight hours, 435 mg Electro- 
cardiograms at fort} -nine hours shovv'ed a similar picture except that the negative 
T wave was not so marked Two hundred cubic centimeters more of water was 
added at fifty hours The dog died during the night, after living approximate!} 
si't}-fiv'c hours 

COMMENT 

These lesults show that distention of the stomach pei se may lead 
to changes that aie sufficient to cause death m from twenty-six to 
seventv-twm bouts The expei intents being of such a natuie that loss 
of chloiides and dehydiation could not lesult fiom vomiting, these two 
factois may be ruled out as important m the cause of death ni oui 
expel intents, and indicate that thev aie onh contnbutoiv factois in the 
cause of death in acute dilatation of the stomach as it occuis clinicall) 

The changes at autopsy m these animals although moie sev^eie 
coincide foi the most part with the pathologic changes in cases of acute 
dilatation of the stomach m man as leported bv Conner - The anatomic 
changes aie those that one might pi edict to occur on the basis of an 
arteriomesenteric occlusion and of a blockage of the venous return 1)} 
the inci eased mtragastric piessure These factors have been elucidated 
by the experimental wmrk of Dragstedt and Dragstedt,® Van Zwalen- 
burg,'* Gatch, Tuislei and Ayers, and Dragstedt, Lang and Millet” 

Although we believ^e fiom the clinical picture that dogs with a 
distended stomach present some element of shock, we feel more 
certain that the chief cause of death is a toxemia that results from 

8 Dragstedt, C A , and Dragstedt, L R Acute Dilatation of the Stomach. 
I A M A 79 612 (Aug 19) 1922 

9 A^an Zvvalenburg Ann Surg 46 780, 1907 

10 Gatch, W D , Trusler, H M, and Ayers, K D Effects of Gaseous 
Distention on Obstructed Bowel Incarceration of Intestine by Gas Traps Arch 
Surg 14 1215 (June) 1927 

11 Dragstedt, L R , Lang V F, and Millet, R F Relative Effects of 
Distention on Different Portions of the Intestines Arch Surg 18 2257 (June) 
1929 
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the absoiption of toxic pioducts fiom cellulai tiauma oi destiuc- 
tion due to the distuibed ciiculation This is shown by an expeiiment 
(Drs Ivy and Burgess) in a dog in which p3doiic obstiuction was 
produced after section of both vagi and splanchnic nei\es Vomiting 
and death occurred but weie delayed only about one day when com- 
pared to controls Dragstedt and Dragstedt ® stated that the symptoms 
of acute dilatation of the stomach, which often makes it difficult to 
distinguish this condition fiom intestinal obstiuction, “are those of a 
seveie toxemia lather than the lesult of leflex oi mechanical eftects 
fiom the sti etched and dilated stomach ” We agiee with this statement 
and believe that the toxemia is due indiiectly to the distention which 
produces such an obstruction to venous leturn that tissue damage and 
a disturbance of the noimal phenomena of selective absoiption lesult 
The interfeience with Aenous letuin obviousty embaii asses the circu- 
latoi^”^ mechanism, as is shown by the marked acceleration of the heart 
In addition, the encroachment of the distended stomach on the adjacent 
oigans and tissues causes a partial obstruction to then hlood suppl) 
That there may he an alteied permeability of the mucosa to pioducts 
m the lumen of the stomach and duodenum and that theie may be toxic 
pioducts enteiing the circulation fiom this souice oi even the peiitoneal 
cai ity is very likely, as has been maintained by Hartwell and Brooks 
and their co-workers That bacteria may invade the injured gastiic wall 
and play a idle in the pioduction of toxins is evidenced by the fact that 
immediately post mortem one of our dogs grossly manifested gas bacillus 
imasion of the wall of the duodenum The fact is that piolonged disten- 
tion of the stomach pioduces grave moibid changes in the stomach wall 
which are evident to the unaided eye and which aie analogous to the 
changes repoited by numerous workers that occiii m the intestine m 
intestinal obstiuction 

A review of oui piotocols shows that the distention must be piesent 
foi a consideiable period of time befoie irreveisible changes occui 
vhich IS well known chnicall}^ If the balloons luptuied or if the disten- 
tion was leleased within eighteen to twenty-foui houis, the animals sui- 
vived Our obseivations on this point are only suggestive, and because 
of the variability in the length of life, a large senes of animals would 
hav e to be used m oi der to make an accui ate statement 

It should be pointed out that m some of our dogs the jMctuie was 
that of sti angulation, in others that of duodenal obstruction with 
sti angulation Furthei, it should be kept in mind that with the stomach 

12 Hartwell, J A , Houget, J P , and Beckman, F An Experimental Studv 
of Intestinal Obstruction, Arch Int Med 13 701 (May) 1914, Am J M Sc 
143 357, 1912, J Exper Med 18 139, 1913 

13 Brooks, B , Schumacher, H W , and Wattenburg, J E Ann Surg 
67 210, 1918 Gopher, G H , and Brooks, B Ann Surg 78 755, 1923 
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maikedly distended by the method employed m om expenments, some 
esophageal ohsti action is piobahly piesent, and hence, the factois 
opeiatmg m the cause of death m esophageal ohstuiction may haAC 
played some role m the cause of death in oui dogs 

We weie caused to study the heait closely in these expenments 
because of the well known clinical relation of gastiic distention and 
digestive disturbances to angina pectoris, coionaiy thiomhosis, tach}- 
caidia and caichac iiiegulaiities In the clinical texts it is geneiall) 
stated that acute dilatation of the stomach causes a tachycaidia, but that 
it is slow in onset and i elated to the toxemia Yaquez/* in discussing 
tachycaidia, stated that distention of the stomach by aerophagia is an 
occasional cause of this condition MacKen/ie stated that distention 
of the stomach oi colon with gas may lead to caidiac embai i assment 
It IS well known that tapping the stomach oi visceia in the fiog causes 
a slowing of the heait late But we have been unable to find any lepoits 
on the effect of expeimiental distention of the stomach on the heait 
except that of Carlson and Luckhaidt m turtles in which distention of 
the stomach usually caused acceleiation Our lesults show that immedi- 
ately following the distention of the stomach a tachycaidia results, except 
dm mg 1 etching when theie occuis the well known vagus slowing and 
uiegularity of caidiac late This immediate or eaily inciease in caidiac 
late must be due eithei to leflexes oi to a disturbance of the diastolic 
filling of the heait, oi both We have not sectioned the neives to 
asceitam the tine mechanism, but m the turtle it does not lesult aftci 
section of the caidiac AagO® Aftei the onset of the toxemia the 
tachycardia is piobably due in part to the effect of toxins The abolition 
of the noimal sinus airhythmia is related or due to the tachycaidia 
The mveision of the T wave and the accentuation of the negative 
T wave is best explained, we believe, as due to a change in the anatomic 
axis ” caused by the distention of the stomach We explain the accentu- 
ation of the Q wave in the same mannei The deciease m the 
accentuation of the T wave when the dogs weie markedly toxic, we 
mteipiet as due to a failing heait” The marked changes that 
occurred m the electiocaidiograms of dog 5 (figs 1, 2 and 3), 
which manifested possible evidence of abnormal activity of the auricles 
piioi to gastiic distention, show that given an abnormal heait to begin 
with, gastiic distention ma) augment the disturbance Howevei, since 

14 Vaquez, Henn Diseases of the Heart, trails by Henry Laidlaw, Phila- 
delphia, W B Saunders Company, 1924 

15 Mackenzie, Janies Diseases of the Heart, London, Oxford Uni\ersit\ 
Press, 1921, p 360 

16 Carlson, A T and Luckhardt, A B Am J Plnsiol 55 31 1921 

17 Katz, L N Phjsiol Re% 8 447, 1928 
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we aie not ceitain that the heart of this dog manifested a slight abnor- 
inaht} piioi to distention, it is possible that the distention of the stomach 
was solely lesponsible for the postdistention abnormalities 

SUMMARY 

1 Continuous distention of the stomach with a volume of water 
introduced into a balloon — a volume twuce that which wmuld be ingested 
in the form of milk m hungei — caused gra\e moibid changes to occui 
m the w'^all of the stomach and lesulted m death in twelve dogs within 
a peiiod of fiom twenty-six to ninety hours without a significant fall 
111 blood chlorides and dehydiation The cause of death was toxemia, 
the mechanism of the production of wdiich is discussed The changes 
found at autopsy weie not unlike those lepoited to occui in man m acute 
dilatation of the stomach 

2 An electiocaidiogiaphic study revealed that distention of the 
stomach causes (a) a tachycardia wuth abolition of the normal sinus 
anhythmia manifested b}'^ dogs, (b) inversion of the T wave or the 
accentuation of an inverted T wave present m some normal dogs, 
(c) accentuation of the Q wave and (d) an exaggeration of preexisting 
electi ocai diogi aphic abnoi malities 



NOlUIAL, ABSENT AND PATHOLOGIC TONSILS IN 

YOUNG WO:\IEN 

A COMPARISOX or PH\SIC\L ^lEASUREMEXTS 

RUBY L CUNXIXGHA.M, MD 

BERKELEY , CALIF 

In an attempt to e\aluate the arguments foi the remo^al of tonsils, 
a stud} of the histones and ph 3 sical measuiements of }oung women 
enteimg the Unneisity of California tiom 1920 to 1929 was undei taken 
The natuie of the physical examination lequired at entrance, the selec- 
tion of cases studied, the statistical method of handling the data and the 
compaiisons of the histones of those with noimal tonsils of those whose 
tonsils had been i emoved and of those with pathologic tonsils hai e been 
1 epoi ted ^ 

The compaiison of the ph}Sical measuiements and of the menstiual 
experiences of the three groups is here attempted, and should probabl} 
cany more conviction than a comparison of histones, since the histones 
are based on subjective evidence, and are faulty thiough defectne inter- 
pretation and memor}, while ph}sical measurements are largely objec- 
tne and faulty only at the hands of the examiner and lecordei 

The measuiements a^allable foi comparison are height, deviation of 
weight fiom an arbitiaiily selected standard foi age and height, capacity 
of the chest posture character and number of abnormal vertebral curves 
the aiches of the feet, complexion, piesence and distribution of acne, 
piesence of enlaiged cervical glands, character of the thyroid gland, 
caidiac conditions, heart rate and sistolic blood pressure and the condi- 
tion of the e}es, ears, nasal cavities and teeth Menstrual experiences 
aie contrasted in age of onset, length of duration of flow, amount of 
flow' amount of pain and the presence or absence of irregulanti All 
measuiements are not available for all items for the full ten }ear period 
Capacit} of the chest and posture, for instance w'ore recorded for only 
the last half of the ten } ear period 

The statistical material here presented is leliable for comparative 
pui poses w'hen such factors as the accurac} and judgment of the exam- 
iner, the excitement of the patient and the methods of measurement 

* Submitted for pubhcation, Maj 27, 1931 
Aided by a grant from the Research Board of the UnnersiU of California 

1 Cunningham, R L X'ormal, Absent and Pathologic Tonsils in Young 
Women A Comparison ot Histones Arch Int :ired 47 513 (April) 1931 
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similaily affect the thiee gioups contiasted The lecoids should not 
fomi the basis from which standards of physical measni ements foi 
Aoung women aie derived unless full allowance is made foi the natuie 
and method of the examination 

EXPERIMENTAL DATA 

Height, Weight and Capacity of the Chest — Heights weie taken 
without shoes and lecoided m inches and tenths of inches The mean 
heights of those with normal tonsils, 63 45 inches, and of those whose 
tonsils had been removed, 63 64 inches give a diffeience of peicentages 
of 0 19 inches, which is gieatei than three times the standaid eiror of 
the difference of the means oi the amount that can be attiibuted to 
chance and is theiefore statistical!} significant (table 1) The mean 
height of those with pathologic tonsils was 63 55 inches, which ivas 
midway between the mean heights of the othei two groups, and not 
significantly diflfeient fiom eithei of them 

The greatei statuie of those whose tonsils had been lemoved may 
find explanation m favoiable health changes that follow the lemoval of 
tonsils It is, howevei, possible that concealed factois, such as heiedity 
past health or standards of living, may be effective in the selection of 
these groups and ma-\ expiess themselves m certain physical measuie- 
ments Foi instance, tonsillectomy is not as fiequent an opeiation in 
mam foieign countiies as it is in the United States It would theiefoie 
be impiobable that children of foreign biith oi paientage should as 
liequently have tonsils remoA''ed as childien of Ameiican ancestr} 
Highei peicentages of childien who aie often ill than of children who 
aie less often ill have tonsils lemoved^ The economic status of the 
family at times detei mines whether childien shall keep or pait with then 
enlarged tonsils Othei factors than the thiee mentioned may be pies- 
ent though not apparent, m the groups of persons selected on the basis 
of then tonsillai condition and may affect height as well as othei 
physical measui ements 

The laigest number of weights weie taken m light gymnasium suits 
Dining the last thiee }ears, students weie weighed m bathing suits A 
relatmel} small number were weighed in oidmaiy clothes without coats 
sweaters or shoes Since judgments as to the state of nutrition aie 
based on a cooidination of age, weight and height it was necessary to 
select an age, w^eight and height standaid in ordei to obtain deviations 
fiom normal or aA^erage Aveight When this study was undei taken, the 
actuarial table of the msui ance companies " seemed most acceptable and 

2 Aledico-Actuanal Alortahtj InA^estigation, compiled and published bj’’ the 
Association of Life Insurance Aledical Directors and the Actuarial Societj ot 
\merica 1912, \ol 1 



Table 1 — The Means of a Senes of Measm emenls of Physical Characteristics of Young Women zuith Vauous Types of TonsiUat Conditions, and 
the Diffei ences Between These Means and the Measm c of the Statistical Reliability of the Differences, That Is, Three 

Times Then Standaid Eliots'^ 
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was selected for this purpose The weights on which actuarial tables 
are based wei e talcen without shoes, but in light clothes, and must, there- 
foie, be a few pounds heavier than weights taken for this study 

Those with normal tonsils were most undei weight (table 1) , those 
with pathologic tonsils least underweight The differences m means of 
weight deviations of the groups with normal tonsils and pathologic 
tonsils and of the groups without tonsils and with pathologic tonsils are 
statistically significant If these nutritional vaiiations are credited to 
the condition of the tonsils, there is no argument in this field for the 
removal of pathologic tonsils Concealed factors may, however, be 
effective here, as well as in mean height deteiminations 

For the determination of the capacity of the chest, the spnometer 
was used and the greatest amount of air expired, measured in liters 
Since the use of the spnometer was new to many subjects, they 
were often given two or more trials, and the highest figure registered 
was accepted for lecord (table 1) There was a significant difference 
between the mean capacity of the chest of those with normal and of those 
wuth pathologic tonsils The latter group had the greater mean capacity 
(table 1) 

Postiiie, Veitehal Cwves and Feet — Estimates of postuie in teims 
of A, B, C, D and E were recorded for all entering students who were 
required to register in physical education classes ® (table 2) The num- 
bers 111 the superior, A, rating, and in the poorest, or E, rating, were so 
small as to be almost negligible The groups of those whose tonsils had 
been removed and of those with pathologic tonsils had practically the 
same incidence in the B, C and D ratings The significance of the higher 
percentages of those with noimal tonsils in the C rating was minimized 
01 nullified by the lower peicentage of persons of this group in both the 
better, oi B, rating, and the less favorable, oi D, rating There seems, 
therefoie, to be no appreciable influence of tonsillar condition on posture 

Where vertebral curves assumed unusual degrees, they were recorded 
as instances of kyphosis, lordosis and scoliosis (table 2) For 9,951 
students foi whom such criticisms of the vertebral column weie made, 
the incidence in the three groups differed by less than 2 pei cent Such 
differences in percentages are too small to have statistical significance 
Tonsillar condition does not seem to relate itself to any type of exag- 
geiated veitebral curvatuie 

The chaiactei of the arches of the feet was carefully observed and 
lecoided, although not m the same terms, foi the ten year period For 
a numbei of -s ears, the designations of high, medium and flat were used 

3 Klein Armin Posture Clinics, United States Dept Labor, Children’s 
Bureau, 1926, p 164 
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Recentl), the foui giades of high, medium, low and flat have been 
lecorded For pm poses of simplicity the thiee gioups, high, medium 
and low, which includes flat, have been interpreted from other designa- 
tions and thus lecoided (table 2) 

It would seem tliat noimal tonsils and pool feet go hand in hand, 
since the group of those with normal tonsils had fewei high aiches and 
consideiably moie low and flat longitudinal aiches than either of the 
othei two groups The anteiior arches were piesent m fiom 75 per cent 
to 78 per cent of subjects in all of the groups, and diffeiences m percen- 
tages between any two are without significance 

The longitudinal aiches of the feet and the condition of the tonsils 
aie interdependent oi dependent on some common factoi The largest 
numbei of peisons with poor feet weie found among those with normal 
tonsils 

Skm, Thyjotd and Lymph Glands — Since both the skin and the 
supeificial layeis of tonsillar tissue aie of the same embiyologic origin, 
it seems possible that a chai acteristic oi pathologic condition of the for- 
mer might be leflected in the latter Blonds, demiblonds, demibrunettes 
and brunettes included appi oximately the same peicentages of persons 
with normal tonsils, tonsils that had been removed and pathologic tonsils 
Apparently, complexion does not predispose to pathologic change or 
normaht) of the tonsils Acne offers moie affirmative evidence of a 
relation to tonsillai condition than does complexion Those whose tonsils 
had been lemoved had clearer faces, chests and backs than did eithei of 
the othei two groups (table 2) If it weie not foi the fact that those 
with pathologic tonsils had clearer skins than those with noimal tonsils, 
and almost as cleai skins as those whose tonsils had been leinoved, there 
Mould be an aigument for the remoiml of tonsils, especiall) m cases in 
ivhich acne is peisistent or disfiguring 

The condition of the tonsils had little effect on the piesence oi 
absence of palpable cervical glands, since diffeiences m the peicentages 
of then occurience in the three groups vimie ivithm the limits of erroi 
due to chance selection (table 2) 

A definite lelationship seems to exist between the condition of the 
tonsils and that of the thjaoid gland About the same peicentages of 
those with noimal tonsils and of those whose tonsils had been removed 
had a noimal thjioid gland, while fewer of those wnth pathologic tonsils 
had a noimal gland (table 2) Those with pathologic tonsils had a sig- 
nificantly higher numbei of adolescent enlaigements of the thvioid than 
those M'lth noimal tonsils or those whose tonsils had been lemoved, 
vlnle those without tonsils had the highest peicentage of adenomas of 
the tlnroid of the thiee gioups 
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Cmdtac Conditions and Blood Piessiire — Evidence of cardiac dis- 
ease as determined by physical examinations was discussed in the article 
already presented,’' since such evidence is related so intimately to the 
history of cardiac disease and rheumatism Although theie weie some 
suggestive relationships between the tonsillar condition and pathologic 
change in the heait, none were sufficiently clear to wan ant definite 
conclusions 

The curves of the pulse rates of those with normal tonsils, of those 
without tonsils and of those with pathologic tonsils were very similar 
The mean pulse rate of those whose tonsils had been lemoved was 
significantly, though slightly, less than the means of eithei those with 
noimal tonsils or those with pathologic tonsils (table 1) Since all of 
the mean pulse rates in this study were considerably above the accepted 
average, or normal, the gioup of those whose tonsils had been removed 
most nearly approached noimal 

The mean blood pressure of the group of those whose tonsils had 
been removed was lower than the mean of either of the other two groups 
(table 1 ) , the difference between the means of those with noi mal tonsils 
and of those without tonsils was small enough to credit to the chances 
of simple sorting, while the difference between the means of the blood 
piessures of those without tonsils and of those with pathologic tonsils 
was great enough to deserve an explanation As yet, there is no accepted 
optimum of blood pressure for various age groups, so it is difficult to 
decide whether those with no tonsils and a mean blood piessuie of 
115 67 mm of mercury or those with pathologic tonsils and a mean blood 
pressure of 1 16 62 mm are most fortunate 

The effect of the condition of the tonsils on the heait and the ciicula- 
tion was slight, and was difficult to evaluate and to inteipret 

Eyes, Eai s and Nose — ^The eyes of students entering the University 
of California wei e examined by an oculist When the sight was recoi ded 
as 20/20 for both eyes and no notes made as to existing abnoimahties, 
the eyes were considered and are heie recorded as normal (table 2) A 
note was made in the histoiy of whether or not glasses weie worn The 
group with pathologic tonsils had the highest percentage of normal 
sight, 59 7 pel cent, 30 6 per cent wore glasses Those with noimal 
tonsils had the next highest percentage of normal sight, 56 5 per cent , 
33 4 per cent of them wore glasses Those whose tonsils had been 
removed had the poorest sight, only 55 5 per cent having normal vision , 
41 5 per cent of this group wore glasses Those with pathologic tonsils 
seemed to fare better than did members of the other two tonsillar groups 
in that they had considerably less astigmatism The fact that those with 
pathologic tonsils had the best sight offers a temptation to hunt for an 
explanation m the fact that tonsillar groups are in themselves selective 
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grouj^s Children who have their tonsils lemoved come in laige propor- 
tion fiom natne boin stock, from health conscious families and from 
families of better material circumstances rather than fiom the poorer 
classes, the} aie from uiban lather than from lural communities, and 
the} have experienced more illness than have either those whose tonsils 
aie normal oi those whose tonsils are pathologic It seems possible that 
the sight of the individuals in the thiee groups was moie affected by 
the f actoi s that determine the selection of the gi oups than by the condi- 
tion of the tonsils 

The examination of the ears was somewhat unsatisf actoi y on account 
of the numbei of external ear canals occluded by wax The percentages 
ot eais that weie clear and thought to be noimal vaiied between 918 
pel cent and 93 4 per cent, and the difference in peicentages in the three 
gioups weie without significance (table 2) 

Theie seems to be a positive lelationship between the nasal and the 
tonsillai condition Noimal tonsils weie associated with the highest 
incidence of noimal nasal cavities (table 2) Pei sons without tonsils, in 
tuin, faied bettei in nasal conditions than did those with pathologic ton- 
sils 111 whom the highest percentages of deviated septums, spuis and 
eiidence of chionic ihmitis weie found The diffeiences in percentages 
aie all suggestive, and a numbei have statistical significance 

Teeth — Dental examinations of students enteiing the university were 
made by dentists, and careful recoids were kept of all filled oi carious 
teeth, of absent teeth and of dental appliances Since many of the 
students examined had not yet erupted the third molai s, a separate record 
of these foui possible teeth was made, and they aie not included in the 
table presented Fillings, ciowns or cavities in the third molars that 
were present aie not included in counts of damaged teeth (tables 1 
and 2) 

The numbei of teeth filled, crowned oi wath caMties was counted, 
and listed foi all students, regaidless of whethei teeth w'^eie absent or 
not Now'heie did diffeiences in the three gioups appeal The data of 
gieatest lehabihtv, especially when combined with those on the number 
ot missing teeth, seemed to be those concerning peisons with no teeth 
absent, and aie here presented (table 1} 

The mean numbei of damaged teeth in the thiee gioups diffeied by 
amounts that aie within the variations of chance No lecipiocal rela- 
tionsliip betw een the tonsillai and the dental condition was apparent 

Mensfuial Characteusfics — Menstrual expeiiences, such as age of 
onset, duiation amount of irregularity, amount of flow' and degree of 
pain as nidged by data gathered from histones taken at the time of the 
entiance of the students to the university, weie lemaikably similar in 
the thiee gioups selected on the basis of the tonsillar condition (table 1) 
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The only difference in peicentages that has value is in the age of onset 
Those whose tonsils had been removed menstiuated first at 13 17 yeais, 
wheieas those who had normal and pathologic tonsils menstiuated fiist 
at 13 28 and 13 29 }ears, lespectively 

Here, as m the case of detei mmations of the blood pressure, the 
lack of an established optimum value makes it difficult to detei mine 
wheie health advantage is to be placed, with the earlier establishment of 
mensti nation of those whose tonsils had been removed oi with the latei 
establishment of mensti nation of the other two groups 

SUMMARY 

1 Reference is made to my published paper piesentmg the i elation- 
ships existing between the histones of disease, operation and cardiac con- 
dition of persons with noimal tonsils, persons whose tonsils have been 
removed and persons with pathologic tonsils In that paper the souice 
of the material and its method of organization and presentation is 
described and the i elated hteiature leviewed 

2 The physical measurements of height, weight deviation fiom an 
arbitrary standard, capacity of the chest, postuie, charactei and number 
of abnormal veitebral curves, aiclies of the feet, complexion, presence 
and distribution of acne, piesence of enlarged ceivical glands, chaiacter 
of the thyroid, cardiac conditions, heart late and systolic blood pressuie, 
condition of the eyes, ears and nasal cavities, condition of the teeth and 
menstrual experiences of young women with noimal, absent and patho- 
logic tonsils are heie contiasted 

CONCLUSIONS 

The outstanding lelationships between physical measuiements and 
tonsillai conditions bi ought out by this study are 

1 The condition of the tonsils, whethei noimal, absent oi pathologic, 
has little effect on the physical condition of young women of college age 
fiom 15 to 35 years 

2 No significant lelationship exists between the complexion and the 
tonsillai condition oi between the tonsillar condition and the pei centage 
of palpable cervical glands, the posture, the exaggei atioii of vertebral 
curves and the ear and dental conditions 

3 No significant lelationslnp exists between the tonsillai and the 
mensti ual conditions as judged by the mean duiation of menstruation in 
davs, the amount of pain, the amount of flow and the amount of 
11 regularity 

4 Those who haie had their tonsils lemoved have less acne than 
those with pathologic tonsils, who in tuin have less acne than those uith 
noimal tonsils 
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5 A larger number of those with pathologic tonsils than either of the 
other two groups have thyroid glands with adolescent enlargements 

6 Those with normal tonsils have poor feet, as 3 udged by the percen- 
tages of those with low and flat longitudinal aiches 

7 Those with pathologic tonsils have better vision and fewer ocular 
defects than those with normal tonsils or those whose tonsils have been 
removed 

8 The most perfect nasal structures are found in the group with 
normal tonsils Those without tonsils have better nasal cavities than 
those with pathologic tonsils, m which group are found the largest num- 
bei of deviated septums 

9 Those whose tonsils have been removed attain a mean height of 
from one tenth to one fifth of an inch greater than those who have kept 
them 

10 The mean weight of those who have pathologic tonsils is gi eater 
than that of those without tonsils, whose weight m turn is gi eater than 
that of those with normal tonsils 

It IS suggested that these groups are somewhat determined by such 
factois as heredity, place of residence, past health history, standards of 
living and attitude toward medical care, and that these factors are effec- 
tive and are to some extent lesponsible foi the differences in physical 
measurements found m the three groups selected on the basis of their 
tonsillar condition 

COMMENT ^ 

The condition of the tonsils is of minoi importance m influence on 
the health histoiy and the determination of physical measurements of 
young women Such influence is tangled with that of factors determin- 
ing whether pathologic tonsils shall be removed or not, and is therefore 
difficult to evaluate 

The contention that noimal tonsils are an aid in resisting disease is 
not strongly defended by contrasting the histones of disease of those 
with normal and those with pathologic tonsils The argument that the 
removal of tonsils closes a portal of entry foi infectious and respiratory 
diseases is not sustained by a compaiative study of the histones of those 
who have had their tonsils removed and of those whose tonsils are 
present The effect of the tonsils as a focus of infection does not find 
much support when histones and physical measurements of those with 
pathologic tonsils are contrasted with either those with noimal or those 
with absent tonsils 

4 The comment is based on the comparison of histones (footnote 1) as well 
as on the comparison of physical measurements 
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The effect of normal tonsils in augmenting growth or of pathologic 
tonsils in retaiding development is not apparent in this study The 
effect of the tonsils on the glands of internal secretion is suggested in the 
thyioid findings, but is not evident in comparative menstrual experiences 
or in the results of giowth The theory that the tonsillar condition is 
influenced by diet and reflects nutritional conditions, as may teeth, 
statuie and weight, is not greatly aided by the findings of this inves- 
tigation 

This study does not emphasize the aiguments for the removal of 
tonsils other than for the cuie of a local throat condition Similar studies 
at younger and at older age levels should be undertaken to evaluate 
further the arguments for the removal of tonsils 



PSITTACOSIS 


REPORT or FIVE CASES 
MEYER A RABINOWITZ, MD 

AND 

SEYMOUR H LIVINGSTON, MD 

BROOKLYN 

In tins communication is presented a household outbreak of five 
cases of psittacosis running a characteristic course, with definite patho- 
logic as well as biologic evidence substantiating the diagnosis These 
follow^ed the importation of a group of love birds or parrakeets from 
Havana 

Parrakeet is the name given to certain subgioups of the family 
Psitticae or parrots It includes especially the pairots of relatively 
small size and slendei form ivith a long graduated tail , e g , the sub- 
families of Palaeomthinae and Platycercinae of Asia, Australia and 
Polynesia, and the Cornuiinae of South and Central Ameiica The 
latter is still to be found in the southern part of the United States 
and IS sometimes spoken of as the Carolina parrakeet 

Accoiding to Roubakine,- the disease psittacosis in man is caused, 
in the vast majority of cases, by the green parrot of the species 
Chrysotis amazonicus However, he mentioned an epidemic of the dis- 
ease that occuired in Zulpich, in the Rhineland, in 1909, which was due 
entirely to the Australian parrakeet In the widespread epidemic of 
one year ago, mention wms made by Anderson ® of cases in which the 
disease wms contracted from canaries Armstrong ^ noted parrots, 
pairakeets, love buds and canaiies as sources of infection The experi- 
mental wmik of Rivers, Berry and Rhoades,® m which they succeeded 
in inoculating parrots, mice, rabbits, guinea-pigs and monkeys with the 
disease, wmuld seem to indicate that any of these species might be a 

Submitted for publication, June 29, 1931 

*From the medical service of Mever A Rabinowitz, Jewish Hospital of 
Brookljn, N Y 

1 Salvadori, A T Catalogue of Parrots in the Collection of the British 
Museum, London, Longmans & Company, 1891 

2 Roubakine, A Monthlj’’ Epidemiological Report of the League of Nations 
9 141 (April) 1930 

3 Anderson, G W New England J Med 204 67 (Jan 8) 1931 

4 Armstrong, C Pub Health Rep 45 2013 (Aug 29) 1930 

5 Rivers, T M , Berry, G P , and Rhoades, C P Psittacosis Observa- 
tions Concerning Experimental Disease in Parrots, Mice, Rabbits, Guinea-Pigs and 
kfonkers, JAMA 95 579 (Aug 23) 1930 
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potential earner of infection In addition to the susceptible animals 
mentioned, Waid and Gallagher® included the pigeon and fowl 

The parrakeets concerned in this report nere pui chased in Haraiia, 
Cuba, by one of the patients, li'Irs B , Jr , who gave them to the butcher 
on boaid ship to take care of during the return trip to New York City 
This IS a general practice among tourists bringing pets back to this 
countiy On arrival at New York two of the buds weie delivered to 
a neighbor Of these two, one was found dead when received, while 
the other died shortly after reaching the neighbor’s home Neither of 
these buds gave rise to any cases of psittacosis Of the four lemaming 
birds, two were given to Mr B , Sr (case 1), f athei -in-iaw of Mrs 
B , Ji On the first night, Mrs B , Ji ’s, male bird and Mi B , Sr ’s, 
female bud escaped from their cages and were never located The 
leniaining buds were lemated under the caie of Mr B , Sr 

On Januai}'' 13, nine days after the buds came into his house. 
Ml B , Sr , who was very fond of them and himself took caie of them, 
became ill with a very severe pneumonic infection, and died aftei five 
days of illness He was buried on January 19, and, as is the custom 
m an oithodox Jewish household, the family gathered at the home of 
the deceased to observe for one week a period of mourning During 
this week an intestinal disturbance developed in one of the two remaining 
birds, and it soon died with a “pi oti tiding rectum” All the mouiners 
weie exposed to both the sick and the “well” bird On January 28, 
nine days aftei the family group gathered, Mrs H , sister of Mr B , 
Sr, took ill On Febiuary 3, Mrs G, daughtei of Mr B , Sr , on 
Februan 5, Mis S , another daughter of Mr B , Si , and on Feb- 
iuary 8, Mis B , Ji , the importer of the buds, fell sick 

Although the one remaining bird was apparently still healthy, 
Di G P Beiiy of the Rockefeller Institute vas able to demonstiate 
the psittacosis virus in its oigans 

Foi obvious reasons the case leports are maikedl}'- abbreviated 

REPORT or CASES 

Case 1 — IMr B Sr , aged 65, took ill on January 13, complaining of chills, 
fe\ er and headache His temperature rose rapidly to 103 8 F , and on the following 
da}'^ he showed diffuse signs of bronchopneumonia in both lungs Death occurred 
on the fifth dav of illness 

On mg to the prevalence at that time of a local “influen/al broncho- 
pneumonia” epidemic, and the fact that the patient had previoush 
been sufteimg fiom chronic bionchitis, emph 3 ^sema, severe cardiac 
failuie and In pei trophied prostate, his illness and demise cieated no 
suspicion until the other members of the family began to come down 

6 Waid A R, and Gallagher, B A Diseases of Domesticated Birds, Xew 
York The rilacmillan Compam, 1920 
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with pneumonic disease At this time a common etiologic factor was 
looked for, and at once suspected as psittacosis infection because of the 
histoiy of the parrakeets 

Case 2 — Mrs H , aged 51, obese, on January 28 began complaining of chilly 
sensations, fever and malaise, and later of palpitations She was admitted to the 
Jewish Hospital (as were the subsequent patients) on February S, extremely ill, 
prostrated, toxic and cyanotic, with a distressing hacking cough, but absolutely 
no expectoration There were signs of extensive patchy pneumonic involvement 
of both lungs The temperature ran an extremely high, flat, plateau-like course 
The respirations were very rapid A typhoidal state soon developed, with low mut- 
tering delirium, distressing abdominal distention and persistent, extremely foul 
loose, watery diarrhea Examination of the stool for typhoid bacilli proved nega- 
tive The pulse became irregular, and death occurred on the seventeenth day of 
illness Examination by Dr G P Berry of the blood and sputum of the patient 
taken on the thirteenth day of the illness failed to reveal the presence of the psitta- 
cosis virus However, it was successfully demonstrated m the liver, lungs and 
spleen removed at autopsy ^ 

Important anatomic data were lobular pneumonia , thrombosis of the pulmonary 
artery, pulmonary veins, iliac vein and splenic vein, gastro-enteritis, and multiple 
hemorrhages of the spinal cord with chromatolysis, satellitosis and fat replacement 
of the anterior horn cells 

Case 3 — Mrs G, aged 40, became ill on February 4, complaining of pain in 
the back below both scapulae and malaise Her temperature was 101 F During 
the following two days she experienced repeated chilly sensations, and her tem- 
perature rose to 103 8 F On February 7 she was admitted to the Jewish Hospital, 
extremely ill, toxic, prostrated and complaining of severe pain in the left side of 
the chest, anteriorly and posteriorly, and of a hacking unproductive cough Exam- 
ination of the chest gave negative results Severe headache, marked apathy and 
listlessness were present throughout On the seventh day of the illness, numerous 
extremely fine crepitant rales were heard in the right side of the chest, and roent- 
gen examination confirmed the impression of incomplete consolidation of the upper 
lobe of the right lung The temperature gradually fell to normal on the twelfth 
day of the illness The hacking cough persisted with very scant mucoid expectora- 
tion On the seventh day the patient had a severe diarrhea consisting of five loose 
watery stools, not foul in nature After two days of normal temperature, the 
patient went into collapse from a pulmonary embolus With prompt and continuous 
use of the oxygen tent, she gradually rallied The rally was followed by evidence 
of thrombosis of the left saphenous vein Sputum and blood taken on the seventh 
day of the illness for examination for the psittacosis virus proved negative 

Case 4 — Mrs S , housewife, aged 37, became ill on February 5, complaining 
of chilliness, feverishness and weakness On the following day, her temperature 
was 102 F On February 7, a severe throbbing right-sided headache developed 
The patient was moderately prostrated and slightly cyanotic The lungs were 
apparently clear 

There was no cough The tongue was grayish brown with clear edges The 
patient’s mental condition was good, but the headache was extremely distressing 

7 A detailed report of the autopsy observations is given by Polayes, S H , 
and Lederer, M Psittacosis, Postmortem Examination of a Case, Including 
Studies of the Spinal Cord, Arch Int Med 49 253 (Feb ) 1932 
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On February 11, fine crepitant rales were heard at the base of the right lung 
posteriorly, and on the following day a roentgenogram re\ ealed an area of dense, 
sharply demarcated consolidation just above the middle of the right pulmonic field 
peripherally On February 18, the left lung showed signs which soon mvohed the 
entire lung The temperature curve showed two distinct cycles On March 5, 
pain and tenderness developed in the left calf, which were interpreted as evidence 
of deep v'^enous thrombosis Specimens of the sputum and blood taken on the sixth 
day of the illness proved negative for psittacosis virus 

Case 5 — Mrs B, Jr, aged 32, was admitted to the Jewish Hospital on Feb- 
ruarj 8 following an illness of only one day This began with chilly sensations, 
nigh fever and an exacerbation of a preexisting cough She was moderately pros- 
trated, not markedly cyanotic, but had a harsh cough with occasional blood-tinged 
expectoration The signs in the chest showed great tendency to vary from day to 
day, most rales being extremely fine A roentgenogram of the chest on Februarj' 
12 revealed an area of dense consolidation in the upper field of the left lung The 
temperature showed two distinct cycles, falling to normal by the twenty-first day 
of illness Headache was not a prominent feature m this case, and there was 
neither diarrhea nor clinical evidence of thrombosis The cough w'as especially 
distressing A smear of the sputum showed scanty cytology, consisting chiefly of 
lymphocytes with an occasional polymorphonuclear neutrophil, a few large epi- 
thelial cells, a moderate number of large cells with pale nuclei and pale pink 
protoplasm and a few red blood cells Examination of the sputum taken on the 
third dav ot illness definitely demonstrated the presence of the psittacosis virus 
The virus could not be found m the patient’s blood taken at the same time 

HISTORICAL REVIEW 

The first desciiption of psittacosis to be found in the hteiatuie is 
that of Rittei ® who described an epidemic that occurred m Stvitzerland 
in 1879 This consisted of seven cases of a severe atypical pneumonia 
or "pneumo-t} phus,” with three deaths The epidemic was attributed by 
Rittei to a shipment of parrots recently received from Hamburg 
Since that tune numerous reports of small epidemics of a similar 
nature have appeared, but it was not until the large Pans epidemic of 
1892-1895 that Morange gave the disease the name psittacosis from 
the Gieek i/^irraKos meaning parrot This Pans epidemic consisted of 
seventy-eight cases wuth tw^enty-four deaths, and was caused by the 
importation of five hundred birds from the Argentine 

The first repoit of psittacosis in this country was in 1904, wdien 
Vickei} and Richardson ° reported three probable cases Scott in 1906 
recorded three cases The next report was m 1917 by McClintock 
who described thirteen cases in Wilkes-Barre, Pa , wuth only one death 
In 1929, the lepoit of a single case wuth lecoverj^ was published by 
Sailei in Philadelphia 

8 Ritter, T Deutsches Arch f khn ifed 25 53, 1879 

9 Vickerj H F, and Richardson, O Tr Am Ph 3 Siol Soc 19 364, 1904 

10 Scott, H N Tr New Hampshire M Soc , 1906, p 168 

11 klcClintock, A T Arch A T ^fcClmtock klem Found 1 1, 1925 

12 Sailer T kl Clin North America 12 1095 (Jan ) 1925 
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In 1930, there was the great pandemic that started m the city of 
Cordoba, Argentine,^® and involved in its spread continental Europe, 
England,^'^ the United States,^® Canada and Hawaii Approximately 
five hundred cases were reported within a period of one year In this 
country, Armstrong^ recorded the occurrence of one hundred and 
sixty-nme cases from Nov 23, 1929 to May 7, 1930 Since this time 
there have been reports of many cases from numerous sources and m 
all parts of the country These total approximately sixty-five cases 

CLINICAL FEATURES 

The disease was insidious in its onset, beginning with chilly sensa- 
tions, malaise and fever However, in one case there w’^as a sudden 
onset, with an abrupt rise of temperature to 104 F Cough w’^as usually 
present, but was not prominent except in one case A charactei istic 
feature was the extremely thick, mucoid expectoration, occasionally 
blood-tinged This tenacious sputum is in keeping with the microscopic 
appearance of the lung post mortem, i e , the prominent netwoik of 
interlacing fibeis of fibrin which sometimes completely fill the alveoli 

A diagnosis of giip or influenza is often made In oui cases we 
weie impressed by the absence of the extremely hyperemic oiopharynx 
seen in “influenza ” 

Pulmonary signs may not appear until the disease is well advanced 
In two cases there were two distinct cycles of the disease, the second 
appearing with the involvement of a new pulmonary aiea An impoitant 
finding IS the persistent, very fine crepitant rales in the involved aiea 
The absence of any evidence of pleuritic involvement, clinical oi patho- 
logic, m the presence of extensive pulmonary pathologic involvement, 
IS in keeping with the findings of MacLachlan, Permai and Rogers 

13 Barros, E Rev Asoc med argent 43 17 (Jan -April) 1930, abstr, 
Lancet 1 472 (March 1) 1930 

14 Thomson, A P , and Hillier, W T Lancet 1 396 (Feb 22) 1930 

15 Anderson (footnote 3) Armstrong (footnote 4) Peterson, E , Spalding, 
O B , and Wildman Psittacosis A Clinical and Roentgenologic Study of Seven 
Cases with Postmortem Observations m One Case, J A M A 95 17 (July 19) 
1930 Bortz, E L, and Green, B Psittasosis, J A M A 95 400 (Aug 9) 
1930 Rivers, T M , Benjamin, B, and Berry, G P Psittacosis, Report of a 
Case, J A M A 95 577 (Aug 23) 1930 Wellman, H E New England J 
Med 203 421 (Aug 28) 1930 Sandoer and Coburn J Kansas M Soc 31 280 
(Aug ) 1930 Kahn, T F , Jr Yale J Biol & Med 2 417 (July) 1930 
Haines, H G Psittacosis, Study of Three Cases, J A M A 94 1821 (June 7) 
1930 Reisman, D , and Da\idson, H S M Clin North America 14 815 
(Jan) 1931 

16 Wellman, H E New England J Med 203 421 (Aug 28) 1930 

17 Gorham, L W , Calder, F G , and V edder, J D Psittacosis , Report of 
Fne Cases, JAMA 94 1816 (June 7) 1930 

18 MacLachlan, W W G , Permar, H H , and Rogers, C A Ann Int 
liled 4 260 (Sept ) 1930 
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One prominent feature of the disease was the tendency to thrombosis 
There was no change in the bleeding or coagulation time in any case 
Thrombi were found post mortem in the pulmonary vessels, right iliac 
vein and splenic vein in case 2 In case 3, a pulmonary embolus was 
the first indication of an extensive thrombosis of the veins of the left 
leg In case 4, there was evidence of deep peripheral venous thrombosis 
It would be well to bear this feature of the disease m mind, both from 
a therapeutic and a prognostic point of view Mention of thrombo- 
phlebitis as a common complication was made by Armstiong^ in his 
survey of the epidemic of 1930 in the United States We also noted 
a report of two deaths due to pulmonary embolus duiing an outbieak 
of psittacosis among the eniplo 3 'ees of a department store, recorded by 
Badger 

Headache was extremely prominent in two cases, but less marked in 
two others It is likel}’’ that this has a definite pathologic basis in the 
marked congestion of the meninges The spleen was palpated in only 
one case, and a transient roseolar eruption noted in one The tongue 
showed a grayish-biown coat with clean edges in all cases 

The temperature showed wide, daily fluctuation in most cases, but 
in one fatal case (case 2) assumed the plateau -like fastigium The 
pulse and respirations were m no way distinctive The leukocyte count 
was chaiacteristically but slightly increased, ranging between 9,000 and 
13,000, with a percentage increase of the polymorphonuclear cells 
In all cases eosinophilic leukocytes were found on at least one occasion 
during the active phase 

The ages of our patients varied from 32 to 65 The two fatalities 
occuried in the older persons, who also happened to be the first to be 
affected The diminished resistance of the eldeily patient to this disease 
as coinpaied to the moie youthful one has been pointed out by Horder 
and Gou In the older person, the disease runs an extremely rapid, 
fatal coui se, while m the younger patient it may be relatively innocuous 
and mild 

The incubation period of the disease is rathei clear m two of our 
cases In cases 1 and 2 a definite peiiod of nine da 3 s between the first 
exposure and the appeal ance of S 3 mptoms is demonstrable 

SUMMARY 

1 Five cases of psittacosis occuriing in one famil 3 aie piesented, 
uith autopsy observations in one 

2 The disease in these cases is distinctly attiibutable to exposure to 
infected love birds oi paiiakeets brought to this country from Havana, 

19 Badger, L F Pub Health Rep 45 1403 (Feb 1) 1930 

20 Horder T, and Gow, A E Lancet 1 237 (Feb 1) 1930 
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Cuba, by returning touiists This is of extreme epidemiologic and 
diagnostic impoitance 

3 Biologic evidence of the identity of the disease was possible in 
this epidemic, the virus of psittacosis being clearly demonstrated (a) 
in the sputum of one of the patients (case 5), {h) in the liver, lung 
and spleen of another (case 2) and (c) in the liver and spleen of the 
only bird available for examination That this bud was apparently 
healthy is of great epidemiologic importance 

4 The characteristic clinical points of diagnostic importance are 
(o) History of exposuie to a diseased bird (h) Incubation period of 
approximately nine days (c) Marked headache (d) Toxemia which 
may be decidedly out of pi oportion to the physical findings in the chest 
(c) Slight cough with extremely scant}^ thick, tenacious expectoration 
which may or may not be blood-tinged Further observation is nec- 
essaiy to determine whether microscopic study of the sputum (case 5) 
is characteristic of the disease (/) An extremely fine type of crepitant 
rale {g) Roentgen evidence of dense consolidation of part of a lobe 
of the lung almost from the very onset of symptoms (/i) No pleuritic 
involvement in the face of extensive pulmonary pathologic involvement 
(?) Moderate or no leukoc34osis in the piesence of severe pneumonic 
infection (_/) Tendency to venous thrombosis 



CHOREA GRAVIDARUM 

A STAIISTICAL STUDY OF 9Sl COLLECTED CASES, 846 FROM THE 
LITERATURE AND 105 PREVIOUSLY UNREPORTED * 

PRENTISS WILLSON, MD 

AND 

ALEC A PREECE, MD 

WASHINGTON, D C 

In the sumniei of 1925 the attention of one of us (Di Willson) was 
dnected to the complication of piegnancy with choiea by the oppoitunity 
to study a case and to treat the patient in his piivate piactice The 
patient recoveied, but was so despeiately ill and piesented such a teiii- 
fying picture at the height of the disease that she aioused the gieatest 
inteiest in all who saw hei A cuisoiy examination of the liteiatuie 
undertaken at the time she was under tieatment made it obvious that 
choiea giavidaium was a seiious and ver}^ laie condition, with an esti- 
mated mortality of approximately fiom 25 to 33 33 pei cent, and that 
there was absolutely no unanimity of opinion as to its true chaiactei, 
and hence, natuially, no accepted theiapeusis, paiticulaily with reference 
to the question of the necessity foi inteiiupting pregnancy These 
findings have led us to avail oui selves of the oppoitunity aftoided by 
the lepoit of this case to present a complete and compiehensive study 
of the whole subject Obviously, in oidei to be of value, such a suivey 
of any medical condition must piesent a composite picture of the disease, 
based on many obseivations, clearly demonsti ating all its possible 
variations in course, duiation, seventy, complications, etc In no othei 
way are sound geiiei ahzations on the subjects of etiology, pathology, 
piognosis and treatment possible When the disease undei investigation 
IS one as raiely seen as chorea gravidaium, the oppoitunity to obseive 
which, even in the mateiial of a large clinic, ma}' not occui foi years, 
the only feasible approach to the problem would seem to he in collecting 
the largest possible numbei of cases fiom the hteratuie and any othei 
available souices in oidei that their data may be subjected to ciitical 
analysis With this end in view, a thoiough seaich of the hteiatme to 
Sept 30, 1930, was undertaken, and, in addition, 530 questiohnaiies 
w^ere sent to the membeis of seveial Ameiican obstetrical societies with 
the result that this papei is based on the analysis of the moie or less 
detailed reports of 1 personal case, of 846 choreic piegnancies, occui iing 
ill 711 patients, lepoited in the liteiatuie, and of 104 choieic piegnancies, 

'■ Submitted for publication, June 18, 1931 
The cases from the literature include those published to Sept 30, 1930 
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occiirnng in 85 patients, repoited by those replying to the questionnaire, 
thus assembling for study a total of 951 choieic piegnancies in 797 
persons This material has been abstracted in tabulai form in table 1 
under the following captions Age, social status (maiiied oi single), 
parity, pievious histoiy of chorea, previous history of rheumatism, 
evidence of caidiac disease, month of pregnancy in which choiea had 
Its onset, duration of attack, fate of the piegnancy, lesult to mothei, 
result to child and comment (autopsy observations, notes on treatment, 
condition of urine, blood pressure, blood picture, etc ) 

Since the main purpose of this communication is to throw as much 
light as possible on the matter of the true character of chorea gravi- 
darum, It has seemed best to us to present the subject in the following 
ordei First we shall report oui own case Then we shall present 
a review of the history and literatme of the disease, with special atten- 
tion to a resume of the opinions that have been entertained with lespect 
to its tiue nature We will then give the opinion that we have formed 
on this point as the result of our study The vaiious analyses of the 
collected data will then be considered in detail undei the usual headings 
of frequency and geogiaphical distribution, etiolog), pathology, clinical 
course, symptoms, complications, diagnosis, piognosis and tieatment 
In each instance, the consideration of these subsidiaiy topics will be 
concluded by giving the inteipretation of the findings that has led us 
to form our opinion on the nature of the disease In conclusion, we 
shall present a brief summary of the whole subject 

REPORT OF CASE 

On July 24, 1925, Mrs L M, aged 20, a pnmipara, who was four months 
pregnant, first came under observation The family history was unimportant The 
patient had had the usual diseases of childhood, with the exception of scarlet fever 
and diphtheria The previous history was otherwise irrelevant, except for the 
statement that she had been “nervous ” The menstrual history was normal The 
pregnancy was normal, with no nausea or vomiting Physical examination dis- 
closed a tall, very well nourished and developed girl of good color, her usual 
weight was 130 pounds (59 Kg ) There were no devitalized teeth, but a few with 
cavities The tonsils were not diseased There was a slight systolic blow at the 
apex, but no evidence of cardiac disease, the blood pressure was 110 systolic and 
56 diastolic 

The patient was next seen on August 14, when the blood pressure and urine 
were again normal She complained of being “nervous,” but appeared to be m 
perfect health On August 25, the patient was again seen, and a diagnosis of 
chorea could be made when she entered the room She was constantly twitching 
jumping and grimacing, and the picture was altogether typical At this time it 
first developed that the “nervousness” mentioned in her history had been a definite 
attack of chorea for which she had been treated by Dr Noble P Barnes two years 
previouslj, when she was IS years of age The patient was put to bed at home 
for a week, but, as there was no improvement, she was admitted to Columbia Hos- 
pital for Women on September 2 for observation and treatment 
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At this time the condition was not alarming, except for the gloomy prognosis 
given in every textbook consulted While the patient was awake, the movement 
was constant and general, but ceased during sleep The patient was cheerful and 
not greatly alarmed Dr Barnes saw her with us and directed the medical treat- 
ment, which consisted of rest, a light diet, regulation of bowel function, triple 
bromides by mouth and large doses of salicylates by rectum On September 9, 
sodium cacodylate was given intramuscularly, and on the eleventh, 0 9 Gm of neo- 
arsphenamme intravenously, morphine was given as needed The condition, how- 
ever, became slowly but progressively worse The movements were more violent, 
and incoordination was so extreme that the patient could not feed herself , after 
attempting to do so, her bed would be surrounded by portions of tood that had been 
thrown on the floor Insomnia was troublesome, her morale became very low, 
and her body from head to foot was covered with bruises where she had struck 
herself on the bed The movements were so violent that one of the attending 
physicians, seeing her for the first time, mistook the condition for an eclamptic 
convulsion On September 14, we asked Dr DVD Stuart to see her with us, 
and he made the following notations on the chart 

“This patient presents 

“(1) Violent choreiform movements involving apparently all the voluntai 3 ’- 
musculature of the body excepting the external ocular muscles 

“(2) Pressure points of tenderness along course of left radial, circumflex, great 
sciatic and posterior tibial nerves There is no demonstrable weakness of any of 
the muscle groups innervated by the above nerves 

"Impression — choreiform condition, not hysterical, due to the patient’s preg- 
nancy 

“Suggest termination of pregnancy ” 

Acting on this advice, a Wales bougie was introduced at noon on September 14, 
the pregnancy being then advanced to 5j4 months Labor was slow in starting 
and delivery of a stillborn fetus did not occur until 3 30 p m on the sixteenth It 
would be impossible to exaggerate the pitiable and terrible condition of this girl 
during the interval She was placed in a padded bed from which she could not 
throw herself No clothing could be kept on her, and most of the time she was 
stark naked The movement was constant and violent to an unbelievable degree, 
at least a foot in the air at one moment, on her heels and occiput at the next, and 
at the next with her feet over her head banging against the head of the bed, 
inarticulate animal-like cries her only means of expression, deglutition almost impos- 
sible even for water, and yet quite conscious, she made an indelible impression on 
all who saw her 

The postpartum progress was shown by notations by Dr Stuart as follows 
September 19 “Patient’s condition is not materially changed since induction of 
labor There is less involvement of tongue and pharyngeal muscles than when first 
seen but choreiform movements are still general Tenderness over nerve trunks, 
noted at first examination, is still present” September 24 “Choreiform move- 
ments much less marked There is still some tenderness over course of left radial 
nerve and left posterior tibial , other nerve trunk tenderness has disappeared ” From 
this time on improvement was steady and rapid, and the patient was discharged on 
the twenty-seventh One month later, all movement had ceased, and one year later 
the patient presented the picture of health We have just been informed, however 
that the patient has recently had a mild recurrence of the chorea unassociated with 
pregnancy 

The whole course of the disease was afebrile with the exception of a tiansitory 
temperature of 102 4 K , three hours before delivery The pulse range during hos- 
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pitahzation was from 90 to 112 until one week post partum, and then from 74 to 84 
until discharge, except at the time of the fever noted, when the pulse reached 150 
The urine was normal throughout On September 4, the blood picture was hemo- 
globin, 70 per cent, red cells, 3,460,000, leukocytes, 9,600, polyorphonuclears, 80 per 
cent, lymphocytes, 18 per cent, eosinophils, 2 per cent 

HISTORY AND REVIEW OF THE LITERATURE 

Felix Meyei gave a quotation in Latin fiom the works of Horstius, 
published in 1661, as a reference to what is possibly the first case of 
chorea gravidaium m the literature The English translation would 
be as follows “The following case, which occurred to the wife of a 
schoolmaster in childbirth, is, I think, of a peculiar natuie For more 
than twelve years since that event, for some reason or other, the whole 
of her left side is thus affected When awake it is constantly m motion, 
which she cannot control by will She is perpetually winking her eyes , 
hei lips aie continually opening and shutting, her arms keep jumping 
up, her fingers gesticulate, and her foot is never quiet Yet all this 
occurs without feeling pain But when she is asleep, everything is at 
1 est ” Levick stated that in Hecker’s “Epidemics of the Middle Ages” 
there is a quotation from Burton’s “Anatomy of Melancholy” that 
leads “Tis strange to hear how long they will dance, and in what 
mannei, over stools, foims, tables even, great bellied women sometimes 
(and never hurt then children) will dance so long that they can stir 
neither hand nor foot” These refeiences have been accepted by some 
as the earliest reported cases of chorea gravidarum, but the latter is 
obviously a refeience to the outbreaks of religious mania associated 
with the cult of St Vitus, the only relation of which to any type of 
clioiea IS that of having provided the common name of St Vitus’ dance, 
while the former is certainly open to considerable doubt as to the exact 
natuie of the disease described 

In 1850, See reported 2 cases of his own and collected 12 from the 
liteiature The earliest of these was attributed to Reidlin, but we have 
been unable to verify the reference In 1862, Mosler tabulated 20 cases 
fiom the literature, the earliest of which was attributed to Ungen, but 
this leference could not be verified either The case of Hand, how- 
evei, leported in 1807, has been veiified These papers in French and 
Geiman weie followed by an important one read by Robert Barnes, in 
1869, before the Obstetrical Society of London and published in its 
tiansactions He repoited 2 cases of his own and collected 46 others 
from vaiious private sources and the literature The interest aroused 
by these communications is indicated by the lapidly inci easing number 
of case reports in the literatui e The next milestone marking the prog- 
less of knowledge was the very able statistical papei by Buist, in 1894, 
before the Edinbuigh Obstetiical Societ} This authoi, after a most 
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cxhausinc and mcticuloits smxey of the literature, ^^as able to tabulate 
a total of 256 cates occunuig m 215 peisons These t^YO papeis and 
those of Wall and Audreys, French and liicks, Shaw and Cioft aie 
intdouiitedl} the outstanding contributions to this subject in English 
Ihc German hteratuie has been reviewed by Bambeig (1873), Goweis 
(1892) and Ivionei (1896) By far the most impoilant contiibution 
in Gciman howetei, is the aiticle by Pineles in 1913 This author 
collected 518 choieic pregnancies in 426 persons The American htera- 
uiic contains little of impoitance except isolated case lepoits, with the 
exception of the lecent papcis by Royston and Campbell, and one by 
Xcnell, in 1901 In France and Geimany inteiest is manifested by 
the laige ntimbei of theses and inaugural dissertations on the subject, 
main containing elaborate compilations of case lepoits with, unfortun- 
atch much duplication and copying Vina), in his “Tiaite des maladies 
clc la giossesse et des suites cle couches,” published in 1894, devoted 
10 pages to an able picsentation of the subject 

E\en a cuisoi} examination of this liteiatuie will seive to demon- 
strate a quite leniaikable lack of unanimity of opinion among those who 
haie iMiitcn on the subject, fiom the eailiest articles until those of 
lecent lears as to the nature of chorea giaMdarum In geneial, how- 
e\n, these diveigent views aie subject to classification into two gioups, 
as follows Fust the belief that choiea in piegnancy lepiesents a 
mcieh accidental association of the two and that the choiea is identical 
with the mdinaiN choiea of childhood Second, the belief that it is 
entuoh difleicnt fiom ordinary chorea, m othei woids, merely a 
choiciform condition eithei duectly oi mdiiectl) dependent on pieg- 
nanci foi its pioduction Some of the opinions that have been 
cxpiesscd on this subject ma)" now be biiefly reviewed 

\ belief in the essential unite of Sydenham’s chorea and chorea gravidarum was 
expressed as earlj as 1850 bv See in the following opinion ^ “Thus it may be 
supposed that prcgnanci does not constitute the real cause and that it serves only 
as an intermediari of the actual causes of which it faiors the production” In 
1901, Launai, in a thesis that contains the best historical account in the literature, 
said “It is \en certain that Sydenham’s chorea, coming on during pregnancy or 
labor should not be confused with the tics or with hysterical chorea, for its clinical 
existence cannot be doubted” In 1903, Wall and Andrews said “In the first 
instance it has to be decided wdiether these cases are truly choreic , it seems neces- 
san in most cases to answer in the affirmative In fact, no distinguishing 

leature can be determined which points to any difference from the movements of 
Ss denham’s chorea ” In 1906, Poj nton and Holmes made their w'ell known "Con- 
tribution to the Pathology of Chorea,” in which thej expressed their belief in its 
riicumatic nature Thej said “Chorea in pregnancy is probably a rheumatic 
chorea” The\ supported this statement avith statistics showing the frequency with 

1 Direct quotations from the French and German literature are all trans- 
lations 
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which a history of rheumatism is obtained m these cases In 1913, Pmard quoted 
Dieulafoy as follows “Pregnancy generally makes the prognosis of chorea more 
grave, not that the chorea of pregnant women is a special form, but that, as 
Jaccoud has clearly shown, the gravid state associated with ordinary chorea aggra- 
vates its manifestations ” In 1925, Urechia and Elekes stated that F H Lewy did 
not consider chorea in pregnancy as different from ordinary chorea, and they 
described the two together, giving the same pathology for each 

These views regarding chorea m pregnancy as identical with chorea m childhood 
find opposition as follows In 1888, Hocquet expressed the opinion that “hysteria 
and chorea (m pregnancy) would appear to be two forms of the same malady” 
In 1891, Riche stated the position of this school of thought in the following words 
“The special study which has been made of chorea of pregnancy is well justified 
It IS not an accidental complication of pregnancy, it is a disease, caused by preg- 
nancy This IS proved by the facts that chorea of pregnancy appears at an age 
when simple chorea is exceedingly rare, that it lasts much longer than ordinary 
chorea, and that, finally, it ordinarily does not cease until the uterus has been 
emptied of its contents One rarely finds m the etiology of chorea m preg- 

nancy the causes invoked by the majority of authors One is then forced to admit 
that pregnancj'- itself can suffice to proioke the appearance of the chorea, and one 
can then explain this disease by saying that it is a reflex neurosis of which the 
point of departure may be the utero-ovarian plexus ” In 1893, Duchateau described 
chorea in pregnancy as “choree autotoxique,” and attributed its causation to an 
“eclampsie attenuee ” In 1899, Giles de la Tourette identified it with the tics In 
1901, Newell stated “Chorea deserves a special place in the pathology of preg- 
nancy It is not an accidental complication due to the recurrence of a previous 
infantile chorea, but in the majority of cases appears for the first time during preg- 
nancy, that IS, it is to a great extent produced by pregnancy Pregnancy is not 
the only causative factor, but is the fundamental condition on which the other 
elements in the causation of chorea depend ” 

In 1908, Shaw, after an admirable study of the subject, reached the following 
conclusions 

1 “The chorea of pregnancy is due to a toxin which appears to be identical 
with, or closely to resemble, that of acute rheumatism 

2 “It affects human subjects under two circumstances, both of these being char- 
acterized by instability or irritability of the nervous system, namely, childhood and 
pregnancy 

3 “The cause of the instability or irritabilitj’’ of the nervous system m preg- 
nancy, bringing it down to the level of childhood, is the toxemia of pregnancy ” 

These views are in substantial accord with those expressed in 1913 by Pmard, 
who said “From the point of view of the prognosis of the so-called chorea of 
pregnancy I do not share medical opinion, nor do I share recent medical 

views concerning the pathology Assuredly I believe, with many others, that that 
which is called chorea should be placed in the category of the neuroses But I 
cannot admit that the choreic syndrome is the manifestation of an encephalitis or 
a meningo-encephalitis Neither can the recently advanced view that chorea is of 
syphilitic origin be accepted by any informed phj'Sician Being given the facts 
which I have observed of the reproductive function with chorea, I believe more than 
ever in an auto-mtoxication manifesting itself by choreic symptoms m predisposed 
individuals With Joffroj'-, I think it is an auto-intoxication, and an evolutionary 
disease (showing itself at the moment of the grasp of the individual by the species) 
and, with Latique, I admit that pregnancy prolongs puberty” Finally, there are 
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the \ icw ^ reccntl\ expressed bj the eminent neurologist, Sicard, that choreic mani- 
testations in prcgnance are due to epidemic encephalitis He said “Chorea of 
pregnane^ sometimes allies itself to epidemic encephalitis I ha\e had occasion to 
report eases of the choreic sjndrome de\ eloping during pregnancy, with choreic 
gesticulation and delirium iiithout anj ot the classic signs of encephalitis, that is to 
sai, without diplopia, without rhjthmic clonicitj, without lethargi, which were 
lollowcd b\ a characteristic parkinsonian sjndrome, thus indicating their epidemic 
encephahtie origin, since, in the absence of all diagnostic certainty w^e have the 
clinical tcstiinom of the parkinsoiiism to determine a retrospectne diagnosis” And 
later "Bringing together this case of chorea of pregnancy follow^ed by parkinson- 
ism and two others of which I have knowdedge, which progressed in the same 
manner toward tremor and hypertoiiicitj , and joining the findings of Carnal and of 
Hanier with the anatomicopathologic observations reported one cannot 

but difterentiate between chorea of pregnancy and Sj denhaiii's chorea, and connect 
the former, thanks to the bond of the pathognomonic parkinsonism, to epidemic 
encephalitis ” 

From the laclically clneigent views quoted it tvill be seen, as has 
been picMOUsh stated, that theie aie two mam schools of thought, one 
ugaiding choica giavidaitim as meiely Sydenham’s choiea occuiiing 
dining piegnanc), oi, moie laiel), vice veisa, and the othei regarding 
It as an entiieh difterent pathologic entity, meiely choieiform in type, 
eithci diiectl} dependent on piegnancy foi its causation oi else a purely 
accidental complication of it Our piesent study has caused us to 
aline oui selves definitel} with the formei school and to advance the 
opinion that there is not one scintilla of clinical oi pathologic evidence 
to justif) au) conclusion with lespect to the essential natiiie of choiea 
111 piegnancj except that it is S}denham’s choiea modified slightly by 
the associated piegnancy Additional evidence of the indiiect nature 
of the association is furnished h) the occur lence of choiea m the 
puerpeial period Biiist collected about 20 such cases which, however, 
hare not been included in this senes In 3 cases m table 1 there ivas 
prompt recovery from the choiea following delnery, but a i elapse 
occurred m a feiv weeks and continued for some time It is, of course, 
realized that much leraains unknoivn concerning the true nature of the 
ordinary adolescent type of choiea, but it is at least a well lecogni/ed 
clinical entit} We belieie that choiea giavidarum is the same disease 
entit} and jvill give our leasons for this oi:)mion as ive inesent the 
analyses of the data of otii collected cases If this be accepted as tine, 
it follows that the term chorea giavidarum, while it has the sanction of 
long accepted usage is in lealit} a misnomei only to be justified b)f 
sanctioning such additional tcims as pneumonia, t)phoid and infltien/a 
gra\ iclarum 


rkroc nxc\ 

Choica IS one of the rarest complications of piegnancy Our search 
of the literature with all the facilities of the Surgeon Geneial’s Library 
at 0111 disposal has resulted m a bibliographj of about 330 references 
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which, while it does not contain all on the subject, contains the gieat 
majoiity, all of any mateiial nnpoitance and all those piesenting case 
lepoits In the eftoit to establish data for an estimation of its lie- 
quency in the United States, a qiiestionnaiie was sent to 530 inembeis 
of obstetiical societies thioughoiit the country Of 170 obstetiicians 
making leturns, 53 lepoited that they had seen clioiea giaMdaiiim, and 
117 that they had not Of the 53 lepoiting cases, 14 lepoits weie 
too indefinite to be used for pm poses of tabulation, the lemainmg 39 
coi respondents lepoited a total of 104 choieic piegnancies in 85 patients 
In table 2 theie have been assembled all the data found in the hteiatuie 
01 from the qiiestionnaiie beaiing on the question of the fiequency 
of occuiience of this complication in hospital oi piivate obstetrical piac- 
tice The lesult is a total of 119 cases of choiea giavidaium in 270,825 
pregnancies, an incidence of 1 choieic piegnancy m 2,275 In 263,625 
hospital cases, theie weie 117 choieic piegnancies, an incidence of 1 
in 2,252, as against 2 cases in 7,200 obstetiical patients seen in piivate 
piactice, an incidence of 1 to 3,600 

These figuies have to do with the fiequency with which piegnancy 
IS complicated by choiea Foi infoimation on the leveise of this 
question, namely, what piopoition of cases of choiea is complicated by 
pregnancy, we haie the data given by the “Repoits of the Collective 
Investigation Committee of the Biitish Medical Association” 
(Mackenzie), which give 9 cases of chorea giavidaium in 439 cases 
of choiea lepoited, oi 1 5 pei cent 

The question of the lelative fiequency with lespect to geogiaphical 
distiibution IS of mteiest and, it is believed, of nnpoitance in connection 
with the etiology The lepoits fiom 13 hospitals in the United States, 
lepresenting Boston, New Yoik, Newaik, N J , Philadelphia, Baltimore, 
Washington, D C, Foit Wayne, Ind , St Louis and San Francisco, 
give 33 cases in 115,554 obstetiical admissions, a propoition of 1 in 
3,501 Scott, fiom the Toionto Geneial Hospital, leported 15 cases 
in appi oximately 2,200 admissions, an incidence of 1 in 146 In Em ope, 
the combined lepoits fiom the Dublin Rotunda, the Fiauenklmik in 
Leipzig and the Baudelocque Clinic m Pans give 67 cases in 105,871 
admissions, an incidence of 1 m 1 580 Myei, from the Woman’s 
Hospital, Melbourne, Austialia, lepoited 2 cases m 40,000 deliveiies, 
an incidence of 1 in 20,000 A companson of the statistics for Em ope 
and the United States in appi oximatel) an equal numbei of cases shows 
an incidence of 1 in 1,580 foi the foimei as against 1 m 3,501 foi the 
lattei, a lelative pioportion of 2 2 to 1 As throwing additional light 
on the frequency in Europe, it may be pointed out that the Dublin 
Rotunda (Sheill) is lepoited to have had no case in 20,000 delneries 
and the Glasgow Maternity Hospital (Black) only 2 cases in a peiiod 
of twent}-two 3 ears. Wall and Andrews repoited 68 cases seen at the 
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London Hospital between 1882 and 1912, Shaw, 32 cases at St Maiy’s 
Hospital, Manchester, French and Hicks, the cases of 29 patients 
treated at Guy’s Hospital, London, piior to 1906, and Cioft, 12 cases 
in the Women’s and Children’s Hospital, Leeds, “in the last few yeais,” 
fiom the context apparently a period of six }'eais piioi to 1910 These 
repoits fiom Great Biitain, Fiance and Geimany aie in sharp contiast 
to the situation in southern Europe, seveial Italian authois, impressed 
with the amount of attention given the subject in the English, German 
and Fiench literatuie, commented on the gieat laiity of such cases m 
Italy Only 1 case is lepoited for Spain, but Jakoby lepoited 4 cases 
obsened in Palestine The significance of this geographical distii- 
bution will be commented on latei in connection with the association 
of the disease with iheumatism 

It is thoioughly lealized that these statistics aie of value only in 
a geneial way Theie can be no question that in the United States 
the condition is seen much less fiequentty in piivate piactice than 
once m 3,600 piegnancies, how much less it is impossible to say The 
indicated incidence of 1 in 3,501 in hospital piactice in the United States 
also undoubtedly gives an exaggeiated idea of its frequency, as is 
evidenced by the previously stated fact that of 170 Ameiican obste- 
tiicians, 117 lepoited never having seen a case In Gieat Britain 
the amount of hteiatuie on the subject, the number of cases leported 
and the statistics that have been gi\en for seveial hospitals clearh 
indicate a gi eater fiequency theie than in this countiy The most 
definite and leliable statistics in the liteiature are those from the 
Baudelocque Clinic, in Pans, showing 53 cases in 54,520 obstetrical 
admissions between 1889 and 1919, a rate of appi oximately 1 in a little 
ovei 1,000 Therefore, this piopoition would seem to be definitely 
established as the fiequency for this clinic, although Allard stated that 
these figuies give an exaggeiated idea of the fiequency in Pans as a 
whole, since, as he said, “maternities aie the refuge of pathological cases ” 
The statistics of Meumann from the Fiauenklimk in Leipzig, 14 cases 
in 31 351 admissions, or 1 in 2,200, show a fiequency of somewhat 
less than one-half that of Pans The statistics of Scott from the 
Toionto General Hospital, 15 cases in appi oximately 2,200 obstetrical 
admissions, or 1 case in 146, are so out of proportion to all other reports 
that we are at a complete loss to explain them 

ETIOLOGY 

Age — The age of the patient was definitely stated in 666 cases, the 
lesulting average age being 22 4 years In chait 1, the age distribution 
by jears is graphically represented in peicentages of the total number 
of cases, and for comparison the same is done for 2,000 white women 
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dclncicd at Columbia Hospital foi Women, Washington, D C In 
cliart 2, the same comparison is presented in percentages between the 
age distribution b\ hemidecades of 670 choreic cases and the 2,000 cases 
mentioned It will be obsened that the cuive of the choieic cases shows 



Clnrt 2 — Coniparatne age distribution, by hemidecades, in percentages of the 
total number of cases, between 670 collected choreic and 2,000 nonchoreic preg- 
nancies in v,hite women from Columbia Hospital, Washington, D C The solid 
line indicates choreic cases , the dotted line, nonchoreic cases 
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a much larger peiceiitage distributed in the eaily twenties than does 
the curve of the control senes The formei leaches its peak at the 
twentieth year , the lattei not until the twent} -fifth, while the decline 
fiom the peak is much more precipitate in the foimei than m the lattei 
In chait 2 it will be observed that the choieic cases exceed the controls 
in the thud, fouith and fifth hemidecades by 0 3, 24 and 14 5 pei cent, 
lespectively while in the sixth, se\enth and eighth hemidecades the 
controls exceed the choieic cases by 17, 14 and 7 per cent In the 
ninth hemidecade, 1 75 per cent of the contiols was found as against 
none of the choieic piegnancies A compaiison by decades shows 
35 9, 60 2 and 3 7 pei cent of the choieic cases distributed in the 
second, third and fourth decades of life as against 114, 61 6 and 25 1 
per cent of the contiols If, howevei, the comparison is made foi 
the fiist, second and thud decades of sexual matuiity, the difference 
is found to be even moie stiikmg, as evidenced by the following figuies 
74 7, 23 8 and 1 3 pei cent of the choreic cases as against 34 7, 53 1 and 
119 per cent of the controls 


Table 3 — Pauty in Seven Hundied and Foity-Siv Cases 
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These figures would seem to show conclusively that chorea compli- 
cating piegnancy is a disease of young women In this respect the 
disease is in accoid with S)'^denham’s choiea, which, as is well known, 
usually attacks children and young adolescents 

Soaal Status — Data on the legitimacy oi illegitimacy of the pieg- 
nancy weie available in 505 cases Of these, 418 piegnancies were 
legitimate and 87 illegitimate, an illegitimacy late of 17 2 pei cent 
The statement has been made that choiea is more frequent in illegiti- 
mate piegnanc}, but, while the foregoing late does seem high, theie 
IS obviously no way to check it against any compaiable senes of cases 
Panty — The data m 746 cases are available for studying the ques- 
tion of panty distnbution This matenal has been tabulated in table 
3 from which the predominance of the fiist piegnanc} may be seen at 
a glance It must be borne m mind, however, as will be seen b\ 
lefeience to table 1, that of the total of 951 choreic piegnancies theie 
Aieie 253 that occuired in 99 persons This well demonstiated tendenci 
of the disease to attack the same patient in more than one pregnanci 
has seemed to indicate a fuithei study of the matenal to determine the 
panh distnbution b\ peicentages, of the total numbei of patients siif- 
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fenng from then hist attack of choiea giaMdarum Data on this 
] 50 int \\ere a^allahle in 509 cases and ha\e been assembled in giaphic 
form in chart 3, together ^\ ith a similar study, for comparison, of 2,000 
nonchoieic pregnancies from Columbia Hospital for Women, Wash- 
mirton, D C It amU be seen that m the choreic cases pnmiparae 
exceed the controls b) 30 5 per cent and are decidedly exceeded liy the 
controls in e\ er} other pregnancy 

liistojy of Cho7ca Picvwttsly — ^It now becomes necessarj' to con- 
sider the question of the previous history of the patients with respect 
to chorea In this connection, the cases were divided into three gioups. 



Chart 3 — Comparatii e parity distribution in percentages of the total number of 
cases, between 509 first attacks of chorea gravidarum and 2,000 nonchoreic preg- 
nancies in white w'omen, from Columbia Hospital, Washington, D C The solid 
line indicates choreic cases the dotted line, nonchoreic cases 


namch Those in which a previous history of chorea was definitel) 
denied , those in w Inch it was admitted and in which, from the context, 
it could be determined that this w'as ordinary chorea and not chorea 
graMdarum and, finall} those gnmg a histoty of a previous chorea 
which, from the context, could not be definitel 3 ’' so classified The 
data of 474 cases were available for this study and are tabulated in 
table 4 From this table it will be seen that m 474 cases of choiea 
jjiaMdaium there were 185 patients who definitely denied pievious 
chorea or 39 per cent 228 who gare a historj'’ of previous choiea 



WILLSON-PREECE— CHOREA GRA V WAR Uj\I 


525 


unassociated with pregnancy, or 481 per cent, and 61 who ga\e a 
history of previous chorea, the relation of which to pregnancy could 
not be determined, or 12 8 per cent It would seem to be quite obvious 
that in the majority of cases in this last gioup the previous histoiy of 
chorea ref ei red to ordinary choiea and not to chorea gravidaium, since 
the occurrence of this complication in more than 1 piegnancy would 
almost inevitably cause comment by the reporter On adding these two 
groups together, the percentage of patients giving a histoiy of pievious 
chorea is inci eased to 60 9 pei cent But even this figuie does not 
quite give the whole picture These figures all refer to individuals 
If we examine the statistics for pregnancies, rather than individuals, 
and include the cases in which chorea complicated moie than 1 preg- 
nancy as sepal ate choreic piegnancies with a histoiy of previous 
chorea, we airive at the following figures In 628 choreic pregnancies 
chorea had occurred pieviously m 443, or 70 5 per cent, and had not 


Table 4 — History of Four Hundred and Seventy-Four Patients Concerning 

Previous Chorea 


No chorea previously 

History of previous chorea not associated nith pregnancy 

History of previous chorea, association with pregnancy not determined 

No of 
Cases 

185 

228 

61 

Percentage 

39 0 

481 

12 8 

Total 

471 

099 


occurred m 185, or 29 4 per cent These figures may be compared 
with those given by Allard from the Baudelocque Clinic, which showed 
previous attacks of chorea in 81 per cent of 53 cases 

The opposite question as to the number of women, choreic in child- 
hood or adolescence, in whom chorea develops in a subsequent preg- 
nancy IS answered m the literature only by the author just quoted 
The statistics of the Baudelocque Clinic show that in 38,382 obstetrical 
admissions there were 201 patients who gave a histoiy of previous 
chorea, and of these, 53 had chorea gravidarum This would indicate 
that appioximately 25 per cent of women who have had chorea in 
childhood may be expected to have a recurience during pregnancy 

It seems leasonable to believe that these facts can be explained 
only on the hypothesis that piegnancy causes a latent disease to become 
active, any other theory certainly involves overlooking the obvious 
Furtheimoie, it has been shown that chorea occurring for the fiist time 
during pregnancy may, and often does, complicate subsequent preg- 
nancies and may finally continue indefinitely post partum 

Association •with Rheumatism — ^In Older to study the association 
of chorea gravidarum with rheumatism, the cases weie divided into 
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loin croups ab tollows First, those in iihich a histon of pievious 
rheumatism nas dehmteh denied second those m which it was defin- 
itch admitted thud those in nhich the iheiimatic histoiy iias dubious, 
.md. fourth those in which there was a double complication with 
choiea and iheumatism in the same pregnanci Theie weie 404 cases 
available loi this stud} wdiich aie tabulated in table 5 Fiom this 
table It wall be seen that in 35 3 pei cent of 404 cases theie w^as a Ins- 
tore ot prcMous rheumatism while in 4 4 per cent of the cases the 
choieic piegnancy was also complicated by iheumatism In this lattei 
gioup made up of 18 cases, the iheumatism w^as synchionous with the 
choiea m 12 cases, preceded it in 5 cases and followed it in 1 case 
B} placing these two gioups together, w'e arrive at the figuie of 39 7 
pel cent of the cases either associated wnth rheumatism or giving a his- 
tor} of it The leal figuies may w'ell be in excess of these howevei, 
for, as pointed out by 01101^0101 the milder manifestations of rheu- 


Table 5 — AssociaUon oj Choiea Giavidauim %viih Rheumatism m Foui Hnndicd 

and Foui Cases 



Xo ot 



Cases 

Tcrccntage 

Ilistorv of prcMOUs rheumatism negatne 

217 

58 C 

of prc\ious rheumatism posituc 

in 

33 3 

Historj of previous rheumatism doubtful 

G 

14 

Rluumatism associated uith chorea in same pregnancy 

IS 

44 

Total 

404 

90 7 


matibiii in childhood usually escape memoiy Ceitain cases in table 1 
thiow an additional light on this subject Thus theie is the patient of 
Semple who had never had choiea but wdio had acute rheumatic fever 
a few months before her first piegnancy, in which chorea developed 
111 the first month The patient of Black had chorea in childhood and 
a fiist pregnane} that w^as noimal, latei she had acute rheumatic fe\er, 
and following this the second and thud piegnancies w’-ere complicated 
bi chorea Matthews and Randle each leported the case of a patient 
with thiee noimal pregnancies, then acute rheumatic fever and choiea 
m the loiirth piegnanc} Genova reported the cases of twm patients 
with four normal pregnancies, then rheumatic fevei and chorea in the 
fifth pregnanc} and Villapadierna reported the case of a patient with 
tire same sequence of events following five normal pregnancies The 
patient of Hunniciit had an attack of acute articular iheumatism com- 
plicating the puerperium 

The association between rheumatism and Sidenham’s chorea is too 
well known to require comment, the Collectne Ini estigation Com- 
mittee of the British kledical Association found a definite history of it 
m 26 per cent and an indefinite histoii m 14 per cent of their cases 
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A companson of these findings with those just given foi choiea giaM- 
daium shows that the incidence of iheumatism in the two senes is 
practically identical In connection with the association of the dis- 
ease with iheumatism, its geogiaphical distiibution is significant It 
has been shown that it is paiticulaily pievalent in Gieat Biitain, to a 
somewhat less extent in Geimany and Fiance, and that it is veiy laie 
in southern Europe Surgeon Gencial Gumming of the Public Health 
Seivice IS my authoiity foi the statement, significant in this connection, 
that of all immigiants inspected at Ellis Island, those fiom Gieat 
Biitain and Ii eland show the highest piopoition of iheumatic sequelae 
History of Both Chorea and Rhenmaitsm Pi cviously — In 339 cases, 
the histones w^eie definite legaiding lioth choiea and iheumatism 


Table 6 — Hjstoiy of llncc Hundicd and Thti ly-Nuic Pahoits with Rcspccl to 

Both Clwica and Rhcnmatisni 


Neither chorea nor rheumatism proMously 

Both chorea and rheumatism previously 

Chorea previously vrithout previous rheumatism 
Rheumatism preMOuslj ivithout preiious chorea 

Total 

No of 
Oases 

111 

101 

101 

22 

3">9 

Percent iKe 

no 

29 7 

20 7 

0 5 

99 S 

Table 7 — Fi equency of Cai diac Disease in 

Thicc Handled and Fifty-Eight CaseT 


No of 



Oases 

Percent.if-i 

Heart normal 

1S3 

on 

Heart definitely diseased 

IIG 

02 4 

Evidence of disease questioiiahlo 

59 

10 4 

Total 

33S 

99 9 


These data aie given in table 6, from wdnch it wall be seen that in o\ cl- 
one fouith of the piegnancies theie is a histoiy of both choiea and iheu- 
niatism, and m appi oximately tw^o thuds of them of one oi the othei 
01 both It should be fmther noted that in 24 patients gniiig a positive 
histoiy of both diseases previously, theie w^as also definite CMclence of 
caidiac disease 

Evidence of Caidiac Disease — On this point the a\ailable mateiial 
is made up of 358 piegnancies that ha^e been classified into thiec 
gioups, namely Those in which the heait w^as definitely stated to be 
normal, those m wdnch theie was eithei definite pathologic e\idence 
of heart disease or a sufficiently detailed clinical report to justify the 
assumption that disease w^as piesent and those in which the clinical 
CMclence presented tended to indicate disease, but was deemed insuf- 
ficient to make a positne diagnosis These data arc given in table 7 
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It be seen fiom these figures that heait disease uas definitely noted 
in npproxiinatel) one thud of the cases or, if ue include the gioup 
of cases uith indefinite evidence of disease, moie oi less definitely m 
approxiinateh one-half These findings coincide closely with those for 
ordinar) adolescent chorea reported by Stiong, accoidmg to whom, in 
a seiics of 2 359 cases repoited by 9 authors, theie uas evidence of 
organic cardiac disease in 953, oi 40 3 per cent Thus we haie demon- 
strated again a striking similarity between these two types of chorea 

Emotional Disfinbance Befoie the Attack — In the oidinary chorea 
of childhood, fright oAerstud}, etc, have often been accepted as the 
immediate predisposing cause of an attack In 68 cases of chorea 
graiidarum m this senes some form of emotional distuibance, fright, 
angci voir} etc was stated to have preceded the outbreak 

Rai ity in the Negio — Sydenham’s chorea is excessive^ raie in the 
Negro lace, and no case of chorea giavidarum in a Negress is reported 
in the literature Too late foi incorporation in our statistics, howevei, 
a patient with a mild but quite typical case has been admitted to the 
Georgetown Unnersiti Hospital 

PATHOLOGY 

The data available foi stud} of the pathology aie found in the moie 
01 less complete reports of 67 autopsies found in the literature from 
1824 to 1930, inclusive As might be expected, much of this mateiial 
is of little lalue from the point of view of the modern histopathology 
ot the nenous s}Stem, but even the older records contiibute some 
intoi Illation of value Intel est naturally centers in the heart and cen- 
tral nenoLis sistem, but the patholog} in other organs must be biiefly 
coiisideied first 

The Inei is stated to have been normal m 5 instances, and ivas the 
site of paiench 3 matous degeneiation in 3 cases, cloudy sw'^elling twnce, 
congestion once and several small areas of necrosis once The spleen 
is leported noimal in 5 instances, and was the site of softening once, 
h}peiplasia twice, marked swelling once, passive congestion once, 
mtarcts once and embolism twice The kidneys aie reported normal 
111 4 cases and were the site of congestion 5 times, parenchymatous 
nephritis 4 times, bacterial infaicts once, cloudy sw^elling twuce, fatty 
degeneration once, embolism 3 times and pyelitis once The lungs weie 
reported normal 4 times, and the site of congestion 4 times, edema 
twice, bacteiial infarcts once, bronchopneumonia twuce, pneumonia and 
pleuns} once and subpleuial hemorrhages once The uterus and 
adnexa ga\e eridence of puerperal infection in 5 instances Fiag- 
mcntar\ as this ewdence is it would seem to point toward an under- 
hing pathnlog\ of an infectious nature 
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The most stiiking finding in the autopsy mateiial was the gieat 
frequency of cardiac disease The condition of the heart was mentioned 
in 46 cases, in 40 of which it was diseased and in only 6 apparently 
normal, an incidence of cardiac patholog}- of 86 9 per cent The most 
frequent finding was acute, recent endocaiditis, often described as 
ulceiatue oi vegetative, the mitral valve being the favorite site Less 
fiequently the disease was described as chronic, or thickening oi dis- 
toition of the valve flaps was the only patholog}'’ present Myocaiditis 
was piesent m several instances, but except for ecchymoses beneath 
it, the pericardium does not seem to have been involved 

In the cential neivous system the most frequently mentioned macio- 
scopic finding is congestion of the brain and meninges This ivas 
almost uiiivei sally noted Edema was mentioned twice, scattered 
petechial hemorrhages twice, inci eased ceiebrospmal fluid 3 times, 
pachymeningitis twice, hemorihage in 1 case, purulent leptomeningitis 
once, embolism of the left middle ceiebial artei}’' in 2 cases, m 1 of 
which the embolus lodged beyond the anterior choroid branch and was 
of the same material as the vegetation on the mitral valve, and theie 
was also an extensive hemoirhage resulting fiom a ruptuie of one of 
the smallei branches of the middle cerebral arteiy supplying the corpus 
stiiatum, thrombosis of several cerebral sinuses once, and in 5 cases 
the brain was reported as normal In 10 examinations of the spinal 
cord. It was reported to be normal 4 times , congestion was noted in the 
other cases, with an acute inflammation of the meninges once and 
softening of the cord structure in 4 instances 

The number of studies of the histopathology of the brain are as 
yet entirely too few to peimit anj final deductions as to the exact natuie 
of the pathologic changes They may be summarized as follows 

Elischer (1874), in a patient dying four days post partum, found degeneration 
in the central ganglions, insula and claustrum, secondary extravasations in the 
neuroglia with small emboli , congestion of the spinal meninges, and changes in the 
nerve cells in the cord 

Guinon (1886) reported the brain normal microscopically 

Turner (1892) presented colored plates showing 2 pyramidal cells from the 
deeper cortical layers of the Rolandic area which were swollen and deformed, with 
gianular cytoplasm, deformed and abnormally stained nuclei, and, in a single 
instance, loss of the cell outline 

Pelnaf (1904), in the case of a woman who died with high fever and fulminating 
sore throat, found marked congestion of the brain with small hemorrhages, but 
no evidence of encephalitis "Chorea bodies” were present, but were considered to 
be artefacts 

Poynton and Holmes (1906), m a case leported by French and Ricks, found 
recent thrombi in many vessels around some of which the brain tissue was slightly 
necrosed and infiltrated with serum There was some small round cell infiltration 
into the Aessel walls and pernascular Ij’-mph spaces Marked degenerative lesions 
^^ere noted m the ner^e cells “Micrococci, generally Ijing as diplococci 
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%\Lrc luund "liter careiul seirching in the pia mater of the lore brain and in tlie 
wall'' oi the cerebral aessels” 

De Cropigin (1913), in the case reported b\ Wilson, found numerous scattered 
iapillar\ hcmorrhiges irom the \essels of the leptoinenmgcs and throughout the 
vub^ta!Ke of the cerebrum There was intense congestion of the capillaries The 
brain was not suflicientK well fixed to enable changes m the ner\e cells to be 
described, if such were present 

Sehustcr (1920), m a case in which Staph} lococcus aureus had been cultured 
iroin the blood, found thrombosis associated wnth hemorrhage in the third frontal 
and isccnding frontal comolutions of the right parietal lobe The condition of the 
nuclei 01 the base was not mentioned There was also h}perplasia of the neuroglia 
01 the cerebral cortex 

Mane, Boutier and Tretiakoff (1923) presented one of the most complete and 
extensne histopathologic studies m the literature They said “The histologic 
examination of the nersous centers discloses the existence of two parallel pathologic 
processes , an exudatn e meningitis, accompanied b} an abundant hemorrhagic exu- 
date in the adientitial coats of the vessels ot the base ot the brain, and numerous 
small toxi-infectious nodules disseminated in the cerebral mass ” The meningeal 
exudate contained much fibrin, and the red cells greatly predominated over the 
Icukocates The endothelial cells of the aessel walls were irritated and proliferated, 
but the walls were intact In the cerebral cortex numerous toxi-infectious nodules 
ol the size ot a pinhead w'cre found, made up of proliferated neuroglia cells sur- 
rounding one or two capillaries, some containing granules of myelin At the site 
ot the nodules the ner\e cells are distinctly altered and some axis cylinder processes 
arc altered and capped by terminal enlargements, and the adjacent tissues arc 
edematous ‘ To summarize, there are small nodular lesions, destructive (or degen- 
cratne), where the phenomena of reaction are reduced to edema and a proliferation 
ot tietirogha cells , the influence of leukocytes is entirely absent ” In the 

centrum o^ale and the corpus optostnatum, the same tw^o pathologic processes were 
noted “The sub-optic region, the cerebral peduncles, the medulla and the cere- 
bellum seemed to be spared by the morbid process ” 

Creutzfcldt (1924) found intense congestion of the meninges wnth several miliary 
hemorrhages In the brain, particularly m the corpus striatum and especially its 
anterior and subependimal portion, the tuber cmereum, the cerebellum, the medulla 
and the internal capsule, there were noted, disposed in islets, perivascular infiltra- 
tions of two varieties, inflammatory and degenerative, with the degenerative lesions 
predominating In the white matter there were also encountered some foci of cel- 
lular necrosis and other foci characterized by a disappearance of m}elin and the 
presence of granular bodies and, sometimes, of perivascular infiltrations, surrounded 
bv areas of hvpertrophv and hvperplasia in the neuroglia The maximum of these 
lesions was found m the corpus striatum, and especially in the putamen, involving 
the small cells In the body of Luv s man} cells had disappeared , m the nuclei of 
the tuber and the dentate nucleus, the lesions were less numerous 

Urechia and Elekes (1925) found "Congestion of the meninges and brain with 
man} foci of embolic necrosis and pericapillary hemorrhage in the caudate nucleus 
In mam places the vessels are filled with micrococci Most of the lesions arc 
lound m the corpus striatum and particularlv m the caudate nucleus After this 
and m a decreasing order Ohvar} nucleus, bod} of Luys, and bulbar olive In 
the other nuclei the lesions are slight ’’ 

These last authors quoted A Jacob (1923), the reference for whose article could 
lint be lound as noting “ emboli with resulting necroses, in the brain 
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involving particularly the putamen and the caudate nucleus” Coexistent with the 
necrosis, he noted in these areas a hypertrophy wuth proliferation of the neuroglia 

Von Lehoczkv'Seininehveis (1926) reported the observations of a microscopic 
study of a brain made m the Neuro-Histological Institute of Professor Shaffer 
These w'ere “ marked perivascular infiltration of the corpus striatum, the 

thalamus and the substantia nigra The cellular elements of the infiltrate w'cre 
chiefly lymphocytes, although there were also plasma cells and, m the substantia 
nigra, there were macrophages filled with browm pigment A more important find- 
ing w'as a marked dissolution of the nerve cells m the putamen and in the globus 
pallidus The process was more marked in the latter V'lth this condition m the 
putamen and m the pallidus there w'as a very pronounced proliferation of the glia 
which 111 part was localized and in part diffused These partly degeneiative and 
partly inflammatory changes can very well be rationalized with the disease process 
since. 111 the case of chorea, alterations of individual parts of the extrapyramidal 
systems are commonly observed In tins case the disease began during pregnanc\ 
with fever and complaint of polyarthritis All these factors, together wuth the 
anatomic observations, support the conception that w'e are not here dealing wuth an 
intoxication of pregnancy, but wuth an infection similar to chorea in wdiich the 
lesions responsible were so severe that the artificial termination of the pregnancy 
did not save the life of the patient ” 

Wmkelman (1926) described the histopathology of the brain as follow's “The 
meninges show a relatively marked connective tissue proliferation and a slight 
lymphocytic infiltration which is to some extent perivascular The structure of the 
cortex IS everywhere disturbed Here and there one finds certain blood vessels 
wuth a very slight perivascular infiltration of lymphocytes The ganglion cells 
show mostly a moderate chromatolysis and edema The glia cells appear to be 
only slightly increased in number Preparations stained wuth scarlet red show' onh 
a slight content of lipoid m the ganglion cells and the w'alls of the blood vessels 
With the low power one can see alterations in the smaller vessels and in the Nissl 
granules With higher magnifications one can tell that these appearances are due 
not only to perivascular infiltration, but also to proliferation of the elements of the 
vessel wall The endothelial cells and the adventitia cells are swollen and prolifer- 
ated, resulting in a narrowing of the lumen This narrowing is so marked that m 
many vessels the lumen is obliterated The endothelial cells of the smallest capil- 
laries are very much swollen It can be recognized that these changes are most 
maiked in the corpus striatum, although thev are frequently noted in the cortex 
The striatum appears to be unmistakably the chief site of the changes Its normal 
structure has become altered To be sure, the large ganglion cells have not dimin- 
ished and are nearly normal Many of them are surrounded by ‘Trabantzellen, 
which, however, is a normal finding Others may be found wuth swollen, washed 
out protoplasm, but with no nuclear changes On the contrary, the smaller ganglion 
cells show marked alteration They are diminished m number, man} are sw'ollen 
with indistinct outlines, and m many the nuclei ha^e quite disappeared Other-? 
stain deeplv and homogeneousl} Small groups of glia cells can be seen where 
previously ganglion cells w'ere to be found In other respects there is not much to 
add to the foregoing description The glia has markedly proliferated, which is 
cspeciall} to be obser\ed in Cajal preparations As in the cortex, the small blood 
\essels are easilv observed on account of their thickened w'alls Here and there 
one sees a slight peinascula: infiltration of hmphocetes Marked infiltration about 
the blood vessels is rare 

“The caudate nucleus shows more changes than the putamen The gha is eeen 
more markedlv proliferated, and under the ependyma of the \entricle one finds a 
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stretch oi glia \\hcre the ganglion cells are much diminished and altered Here and 
there blood \e5sels are MSible the hmph spaces of which are enlarged bj edema 
'‘nd filled v ith transudate 

‘In the globus palhdus se\ere parench^ matous changes are missing, and m the 
blood \essels one sees the same changes as m the rest of the central nertous s\stcm 
There are no precipitates oi calcuim-like material 

‘ Fat stains show nothing unusual either m the corpus striatum or m the globus 
palhdus The iron content is apparentl} normal 

“The cells of the thalamus show acute changes in the Nissl granules There is 
possible some increase m the glia Around the third e entncle one finds small fresh 
hemorrhages, especiallj around the blood vessels The w'alls of the blood vessels 
have here the same changes as those described In the subthalamic region there are 
the same changes as in the thalamus with possibly more pronounced perivascular 
infiltration and more frequent hemorrhage Around many blood vessels one sees 
manj ‘Gitterzellen’ with green pigment The substantia nigra was not to be found 
The choroid plexus was normal The pons, medulla and cerebellum showed thick- 
ening of the blood vessels and at times perivascular infiltration, apart from these 
thev were normal The cells of the dentate nucleus and the olive were normal 
Nowhere m the central nervous system is there evidence of embolism or throm- 
bosis ” 

From these histopathologic observations, the microscopic changes in 
the brain and meninges may be briefly summarized as follows There 
IS an intense congestion, not infrequently associated with petechial 
hemorrhage and some thiombosis The perivascular reaction is pre- 
dominately degenerative rather than inflammatory, and leukocytic 
infiltration is slight or entirely lacking The neuroglia is hyperplastic, 
and nccrobiotic changes are present in both the nerve cells and then 
processes These changes reach their quantitative and qualitative 
maximum in the coipus striatum, especially the caudate nucleus, they 
are also present to a less degree in the cerebral cortex and the other 
nuclei of the base 

From the foregoing descriptions of the histopathology of the brain 
It wall be seen that knowledge of this subject for chorea gravudarum is in 
the same state of uncertainty that obtains for Sydenham’s chorea 
in adolescents Mane, Boutier and Tretiakoff felt justified, on the 
histopatliologic picture present, in differentiating their case from 
ordinarj chorea on the one hand and epidemic encephalitis on the other 
Urechia and Elekes, on quite similar findings, thought that their case 
lent support to those who held the two tj'pes of chorea to be identical, 
and they quoted Lewy as holding this view after studying the pathology 
of each Sicard, as has been seen, expressed the belief that the 
pathologic evidence, supported bj’- the occurrence of a parkinsonian 
sv ndrome follow ing three cases, is sufficient to place chorea gravadarum 
as a manifestation of epidemic encephalitis, mainly, apparently, because 
he had never seen parkinsonism follow the chorea of childhood In 
the one point in the cerebral pathologj' on vv^hich there seems to be 
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geneial agi cement foi both types of cboiea, namely, the predilection 
of the lesions for the corpus striatum, the two diseases correspond 
exactly 

The evidence furnished by the geneial pathology ceitamly points 
most definitely toward an infectious origin of the condition, which, 
again, is in agieement with the consensus legarding Sydenham’s choiea 
This view of the matter is fuither suppoited by the findings with 
respect to the heart An incidence of cardiac pathology, mostly acute 
endocarditis, of 86 9 per cent in forty-six hearts examined, ceitamly 
speaks for an infectious oiigin of the disease, accentuates its i elation to 
rheumatism and, taken alone, would seem to justify the conclusion that 
the condition has no i elation to epidemic encephalitis It will also be 
observed that the pathologic evidence lends no suppoit to the opinion 
that the toxemia of piegnancy stands in any etiologic relationship to 
chorea giavidarum 

(To be Concluded) 
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In the hunicin female the piocess of mensti nation is dccompaniecl 
In d train of phenomena of which the uteiine changes aie onl} a pait 
Thus pain and nervous and congestive leactions ma\ at times become 
^(.r^ pronounced These vaiious activities of the oiganism usualE 
increase in intensit} a few' da}s befoie the mensti ual flow begins to 
dimmish again toward the close of the peiiod A second lessei maxi- 
mum mai occui a few days aftei the flow has ceased Natuially much 
•ittcntion has been centered on the changes m the peiipheial blood and 
blood-forming oigans duiing mensti nation but the lepoits have been 
somewhat confusing The quantit\ of blood lost dining a normal 
jicriod IS also a subject of consideiable discussion Kellv ^ stated that the 
.iinount IS from 60 to 240 cc , Ciossen- gave it as fioin 150 to 300 cc 
and How'ell,® fiom 100 to 200 cc wdiile Hoppe Seylei * was convinced 
that the quantiti is gieatly ovei estimated and laiely exceeds 37 cc He 
ai rived at this conclusion by soaking in w'ater all the napkins used 
during a single period and determining the amount of hemoglobin m 
the solution 

The erythrocite changes during the menstrual c}cle have been 
studied by Detre,'^ w'ho found an inciease dm mg the piemenstiiial stage 
leaching the highest values just before the beginning of menstiuation 

Submitted for publication, June 24, 1931 

■‘rroni the Achelis Laboratori, LenoN Hill Hospital, Dr G L Robdenburg 
director 

T Assistant bacteriologist and attending hematologj' clinician, Lenox Hill 
Hospital 

t Technical assistant 

1 Kellj, H A Gynecologj', New York, D Appleton & Company, 1928, 

p 118 

2 Crossen, H S Diseases of Women, St Louis, C V Mosbv Company, 
1930, p 829 

3 How'ell, W H A Text Book of Physiology, Philadelphia, W B Saunders 
Company, 1927, p 1004 

4 Hoppe Seller Leber den Elute erlust bei der Menstruation, Ztschr f 
phesiol Chem 42 545, 1904 

5 Detre L Ztschr f d ges exper Med 59 240 1928 
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This IS followed by a gradual deciease, and the lowest values ate 
reached in the postmenstrual period According to Polzl,® there is an 
inciease in the number of red blood cells, sometimes of fiom 1,000,000 
to 1,500,000 This deci eases with the onset of the flow Remert,' 
Hayem and Reinl ■ agreed with these findings, as did Blumenthal ® 
and Kurtschenkoff ‘ It is the opinion of Holler, Mehcher and Reitei " 
that there is a hypei function of the bone maiiow in the piemenstiual 
phase, and that the inciease in eiythrocytes is an expiession of this 
hyperfunction Then method foi determining the bone mairow func- 
tion was not mentioned in the paper Since no lefeiences to histologic 
studies or leticulocyte counts are made m then lepoit, then conclusions 
aie not deteimmative These authois also found similar changes in the 
hemoglobin, but not as definitely as changes in the led cells The 
changes in the hemoglobin seemed to follow the variations in the led 
blood cells Fuithei support of this view is voiced by Piney,^® who 
stated that theie seems to be no doubt that a i eduction in the numbei 
of eiythrocytes occurs at the time of mensti uation, and this may be quite 
considerable m degree Furtheimoie, he said that the diminution in 
the number of the led blood cells is definitely gi eater than could he 
explained by the menstrual loss of blood Pie was not so ceitain that 
a use in the number of led cells occuis before mensti uation In con- 
trast, Meiletti^’- found a decrease m the premenstrual erythiocyte 
values, and Gumprich and Davidovitsch desciibed vaiiations m the 
red blood count during mensti uation which were not definite 

For the present expeiiment, six lelatively normal young women 
were chosen, on whom blood counts (hemoglobin and led blood cells) 
were done twice a week for a period of three months The percentage 
of reticulocytes was also determined each time, since it is now well 
known that the number of reticulocytes in the penpheial blood is a 
leliable index of bone mariow activity It was planned to obseive the 
changes m the hemoglobin, led blood cells and reticulocytes ovei a 
longer lime than in any of the previous lepoits and thus obtain a better 
idea of the eiythrocyte changes in the blood and bone maiiow coincident 
with the various phases of the menstrual cycle 

6 Polzl Wien Uin Wchnschr 7 238, 1910 

7 Quoted by Gumprich, G Einfluss der Menstruation auf das.Blutbild bei 
gcsunden Individen, Beitr ? Geburtsh u Gynak 19 435, 1913-1914 

8 Blumenthal Beitr z Geburtsh u Gynak 61 614, 1908 

9 Holler, G , Mehcher, H , and Reiter, N Ztschr f khn Med 100 564 

1924 

10 Pmei^ A Recent Advances in Haematology, Philadelphia, P Blakiston’s 
Son & Companj', 1927, p 180 

11 Merletti Beitr z Geburtsh u Gvnak 19 459, 1914 

12 Gumprich (footnote 7) 
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All hemoglobin determinations were made with one Sahh instrument, after 
St mdardization against the Van Sl>ke ovygen-combining method Red counts were 
done uitli two standardized pipets Separate drops from the two pipets were 
counted for each determination, and the results were accepted only if the counts 
checked within 200,000 red cells These two counts w^ere then averaged, and the 
result was taken for the final reading, thus reducing the error to about 2 per cent 
Rcticulocjtes were counted on co\er slip preparations vitally stained with brilliant 
cres}! blue and counterstained with Wright’s stain For each reticulocyte count, 
it least 10,000 red cells were examined, after the suggestion of Krumbhaar This 
was done by estimating the average number of red blood cells in a field and then 
counting by fields until the desired number had been reached The percentage of 
reticulocytes w'as then calculated The foregoing method gives more uniform results 
than the usual count of 1,000 red cells 

RESULTS 

The experimental data are given in the table 

Results of Expet imcnts 


Case 1 


Case 2 



Hemo 

Red 

Reticulo 



Hemo 

Red 

Reticulo 


globm, 

Blood 

cytes, 



globin, 

Blood 

cytes, 


per 

Colls, 

per 



per 

Cells, 

per 

Dale 

Cent 

Millions 

Cent 


Date 

Cent 

Millions 

Cent 

1/20 

75 

42 

03 


1/20 

82 

38 

01 

1/23 

SO 

4 2 

01 


1/23 

81 

49 

03 

1/27 
1,30 
2/ 3 

71 

74 

73 

38 

39 

3 9 

02 

03 

0 3 


1/27 

1/30 

87 

82 

4C 

40 

04 

02 

2/ C 

78 

39 

01 


2/ 3 
2/ G 

85 

84 

40 

44 

02 

02 

2/10 

84 

40 

01 

Menstrual 

2/10 

85 

44 

012 

2/n 

77 

4 1 

02 

period 2/11 2/lG 

2/13 

87 

47 

0 2G 

2/17 

71 

43 

02 


2/17 

88 

43 

0 52 

2,20 

79 

3 7 

OOS 


2/20 

84 

44 

0 21 

2/2-, 

7j 

4 3 

OIC 


2/25 

93 

4 3 

0 22 

2/27 

SO 

49 

on 


2/27 

92 

4 9 

0 31 

3/ 3 

84 

4 0 

012 


3 /3 

90 

47 

0 28 

"/ 0 

84 

42 

0 09 


3/ 6 

93 

48 

0 29 

3/10 

93 

4 G 

0 08 

Menstrual 

3/10 

89 

43 

04 

,/l 

70 

4 2 

01 

period 3/10 3/15 

3/13 

89 

47 

013 

3/17 

SO 

4 1 

0 07 


3/17 

85 

4 1 

0 53 

"/21 

Si 

43 

0 09 


3/21 

85 

42 

0 2G 

3/25 

S3 

4 1 

012 


3/25 

92 

47 

03 

3/27 

80 

40 

OIC 


3/27 

85 

41 

0 27 

3/31 

S2 

43 

on 


3/31 

91 

44 

015 

41 3 

SG 

4 5 

0 04 


4/ 3 

80 

44 

0 35 

41 7 

85 

4 3 

0 03 


4/ 7 

81 

4 5 

017 

4/10 

79 

4 2 

0 09 




1'14 

4/17 




4/10 

95 

4 2 

014 

85 

85 

4 4 

40 

0 04 
OOS 

Menstrual 
period 4/14 4/19 

4/14 

4/17 

88 

90 

43 

4 7 

03 

04 

4/21 

84 

4 1 

01b 


4/21 

85 

42 

01 

1/24 

85 

49 

0 21 


4/24 

84 

43 

0 25 


Menstrual 
period 1/17 1/21 


Menstrua] 
period 3/C 3/10 


Menstrual 
period 4/2 4/c 


13 Krumbhaar Personal communication to the authors 
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Hemo 

Red 

Eeticulo 



globln, 

Blood 

cytes, 



per 

Cells, 

per 


Date 

Cent 

Millions 

Cent 




Case 3 


1/20 

90 

52 

02 


1/23 

90 

4 7 

03 


1/27 

93 

4 2 

04 


1/30 

90 

40 

03 


2/ 3 

91 

50 

02 


2/ 0 

80 

52 

04 


2/10 

88 

50 

03 

Menstrual 

2/13 

90 

51 

02 

period 2/10 2/13 

2/17 

100 

50 

0 23 


2/20 

100 

52 

0 20 


2/25 

92 

50 

0 04 


2)27 

90 

55 

0 2G 


3/ 3 

90 

51 

0 21 


3/ G 

93 

50 

0 20 


3/10 

98 

5 5 

0 21 

Menstrual 

3/13 

IOC 

55 

017 

period 3/10 3/13 

3/17 

97 

52 

0 21 


3/21 

100 

54 

013 


3/25 

92 

52 

017 


3/27 

98 

50 

015 


3/31 

93 

51 

02 


4/ 3 

94 

50 

0 3G 


4/ V 

93 

51 

010 

Menstrual 

4/10 

90 

54 

0 24 

period 4/7 4/10 

4/14 

90 

49 

014 


4/17 

102 

5 5 

012 


4/21 

99 

52 

OIG 


4/24 

00 

53 

010 




Case 5 


1/20 

81 

4 5 

02 


1/23 

84 

49 

01 


1/27 

87 

50 

04 


1/30 

90 

54 

02 


2/ 3 

90 

52 

01 


2/ 0 

89 

50 

03 


2/10 

87 

10 

013 


2/13 

82 

50 

0 25 


2/17 

94 

48 

0 03 


2/20 

96 

50 

0 24 


2/25 

93 

51 

0 07 


2/27 

95 

48 

028 


3/ 3 

91 

64 

04 

Menstrual 

3/ C 

93 

50 

014 

period 3/1 3/G 

3/10 

100 

50 

0 25 


3/13 

101 

1 4 

0 21 


3/17 

92 

5 5 

0 21 


3/21 

95 

15 

0 24 


3/25 

98 

5 1 

0 26 


3/27 

90 

5 1 

0 34 


3/31 

90 

51 

0 52 


4/ 3 

88 

5 0 

0 2G 

Menstrual 

4/ 7 

87 

4 8 

0 25 

period 4/2 4/7 

4/10 

SG 

4G 

0 19 


4/14 

OG 

4 9 

0 13 


4/17 

02 

5 0 

0 29 


4/21 

89 

4 7 

0 2G 


4/24 

90 

4 5 

015 




Homo 

Red 

Reticulo 



globin, 

Blood 

cytes. 



per 

Cells, 

per 


Date 

Cent 

Millions 

Cent 




Case 4 


1/20 

78 

4 7 

01 

Menstrual 

1/23 

80 

4 9 

02 

period 1/20 1/25 

1/27 

77 

4 3 

01 


1/30 

78 

4 G 

02 


2/ 3 

88 

5 4 

03 


2/ G 

80 

4 7 

01 


2/10 

90 

51 

0 08 


2/13 

83 

4 8 

Oil 

Menstrual 

2/17 

90 

4 7 

0 19 

period 2/13 2/18 

2/20 

92 

47 

013 


2/25 

92 

53 

on 


2/27 

90 

49 

0 09 


3/ 3 

06 

48 

0 20 


3/ 6 

88 

5 1 

0 08 


3/10 

91 

5 0 

0 00 

Menstrual 

3/13 

80 

48 

0 00 

period 3/12 3/17 

3/17 

90 

48 

018 


3/21 

87 

4G 

012 


3/25 

94 

4 8 

0 22 


3/27 

90 

4 5 

0 00 


3/31 

92 

51 

013 


4/ 3 

87 

4 8 

0 22 


4/ V 

83 

48 

010 

Menstrual 

4/10 

94 

5 5 

0 09 

period 4/8 4/1 1 

4/14 

90 

4 9 

Oil 


4/17 

00 

4 5 

0 39 


4/21 

87 

47 

on 


4/24 

92 

50 

018 




Case 6 


1/20 

89 

4 4 

01 


1/23 

89 

50 

0 09 


1/27 

75 

4 3 

010 


1/30 

82 

48 

0 20 


2/ 3 

82 

4 7 

01 


2/ G 

82 

4 2 

02 


2/10 

85 

4 4 

0 18 


2/13 

91 

4 7 

0 08 


2/17 

80 

4 8 

0 07 

Menstrual 

2/20 

91 

4 7 

0 02 

period 2/19 2/21 

2/25 

83 

43 

0 03 


2/27 

85 

5 1 

0 09 


3/ 3 

80 

4 3 

02 


3/ G 

89 

4 2 

OOS 


3/10 

89 

48 

0 09 


3/13 

7G 

4 5 

0 09 

Menstrual 

3/17 

91 

4 6 

0 00 

period 3/13 3/17 

3/21 

SO 

4 5 

0 12 


3/25 

84 

4 6 

012 


3/27 

84 

4 8 

012 


3/31 

85 

4 7 

OOS 


4/ 3 

90 

4 0 

013 


4/ 7 

88 

4 5 

012 

Menstrual 

4/10 

92 

5 0 

015 

period 4/7 4/11 

4/14 

S3 

4 3 

010 


1/17 

90 

4 5 

OOS 


4/21 

84 

4 7 

018 


4/21 

90 

47 

0 20 
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COMMENT 

Fioni a stud} of the data presented, it is undei stood why the leports 
in the htcratine are so confusing The results are far from consistent, 
and theie are no definite vanations in the hemoglobin and red blood 
cells associated ^\lth menstruation The coincident changes in the 
reticiiloc} te percentage support this statement If theie were a regular 
and significant drop in the red count duiing menstruation, there should 
iiave been a definite postmenstrual leticulocyte peak, indicating regen- 
eiative activity in the bone marrow No such peak occurs, and the 
peiccntage of reticulocytes vanes during the different phases of the men- 
strual cycle merely Avithin the limits of erioi of the method This 
indicates that the bone marrow is not called on to inciease its legen- 
crative activit} It therefore appeals that in normal women the piocess 
of led cell regeneration is but slightly, if at all, influenced by the 
menstiual cycle 

SUMMARY 

1 The piocess of red cell regeneration was studied in six relatively 
normal young women m relation to the menstrual cycle 

2 Studies of the hemoglobin and led blood cell counts made at 
btueeki} intervals over a peiiod of three months reveal no definite 
changes coiiuident with the various phases of menstiuation 

3 The activity of the bone maiioiv as indicated by the leticulocyle 
count IS not influenced by the menstiual cycle 
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Handbuch der inneren Medizin Hcrausgegeben von G von Bcrgmann unci 
R Staehelin Band VI Nieren und Ableitende Harnwege Die doppel- 
seitigen hamatogenen Nierenerkranungen, von F Volhard Die ein-und 
beidseitig auftretenden Nierenkrankheiten (sogenannten chirurgische nieren- 
affektionen) Blase, Prostata, Hoden und Nebenhoden, Samenblasen, funk- 
tionelle Sexualstorungen, von F Suter Second edition Price Teil 1, 98 ^ 
marks , Teil 2, 99 60 marks Pp 2137, with 298 illustrations Berlin Julius 
Springer, 1931 

The remarkable growth in the last two decades of the body of knowledge 
concerning Bright’s disease is directlj'^ reflected m the evolution of the second 
edition of Volhard’s great classic From 673 pages of text in the 1918 volume, 
1,722 pages, many m small type, have developed A bibliography of about 20 
pages m 1918 has increased to 152 pages in 1931 The literature is so thoroughly 
reviewed by extensive quotations and abstracts that an entire library is represented 
m these two books Nothing of any significance has been left out Add to this 
thoroughness a lucid, direct and pleasing style, perfect arrangement of the material, 
good typography and numerous excellent illustrations, and one has a permanent 
literary monument to Volhard’s genius 

No attempt will be made to review more than a few aspects of the scientific 
contents, although every page is replete with interesting material Volhard is a 
more confirmed “vital secretionist” than ever before, in spite of the recent work 
of Richards and his associates He doubts the existence of glomerular filtration 
and even denies the occurrence of filtration in the choroid plexus At times he 
allows the warm conviction of beautiful logic to overweigh the cold evidence 
of facts He attacks Cushny’s theory of urine formation on grounds somewhat 
antiquated at present His arguments arc always stimulating, however, and should 
provoke further investigation There is an excellent discussion of the nerve supply 
of the kidney and of the problems of nervous regulation of renal function The 
American work on renal function tests by Addis and Van Slyke and their associates 
IS well presented The author indulges in some clever juggling of Ambard’s 
formulas to arrive at conclusions of rather doubtful objective value 

As to lymph formation and edema in general, Volhard vigorously supports the 
theory of active secretion by the vascular and Ivmphatic endothelium In fact 
his credo is that the function of the capillaries is to regulate and inhibit mechanical 
filtration Edema, therefore, is caused largely by increased permeability of the 
capillary wall on the basis of general damage of the tissues, a vague “dropsy of 
the tissue colloids ” Renal edema is always extrarenal m origin , acute nephritic 
edema is cardiovascular, while chronic nephrotic edema is definitely attributed to 
albuminuria and hypalbummemia, in view of the recent clinical and experimental 
data on this relationship 

It IS to the problem of hypertension that Volhard has made his most important 
contributions The “red” and “pale” tjpes are distinguished on the basis of the 
mechanisms involved m their production In the “pale” hypertensives (acute 
diffuse glomerulonephritis, “malignant” hypertension, eclampsia) there is a general 
arterial spasm (also angiospastic neuroretinitis) due to the presence m the blood 
serum of directly pressor chemicals and substances that sensitize the arterioles 
to the normal epinephrine content of the blood These substances perhaps originate 
in the kidney under conditions of local circulatory or metabolic derangement The 
evidence for all this seems quite acceptable to Volhard Confirmation of the facts 
IS urgently indicated As to “red” hypertension, the only unquestionable etiologic 
factor IS age The author’s attempt to explain essential hypertension on unproved 
phvsical changes in the small arteries will probably not satisfy most investigators 
m this field, but the distinction made between active contraction of arterioles and 
passive resistance to distention may represent a germ of the truth One thing 
IS certain, as Volhard states Every persistent hvpertension is in close relation 
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to tlie kidney, being either the result or the cause of a renal disease The cerebral 
vascular disturbances so common in hypertension are dealt with along the lines 
of recent work on functional vascular disease Albuminuric retinitis is termed 
"angiospastic retinitis” and correlated with the chemical pressor agents responsible 
for hjpertension. 

After an excellent historical review, Volhard dismisses physiologic, symptomatic 
and histologic classifications of renal disease and makes a powerful plea for the 
now famous “pathogenetic system ” Opposing points of view are freely discussed, 
at times in a charmingly personal vein How “ischemia” and “angiospasm” 
displaced “inflammation” in Volhard’s thoughts on glomerulonephritis and the 
“combination form” ("malignant nephrosclerosis”) is dramatically portrayed in 
this and in later sections of the text The author naively laments the original 
lack of interest in his “discovery” on the part of prominent pathologists and 
clinicians Recently, however, there has been adequate recognition Whether 
Volhard is right or wrong, his point of view on the histogenesis of glomerular and 
vascular lesions has been a potent ferment and will continue to stimulate inquiry 
into fundamental problems of the pathologic physiology of the vascular system 

In the second volume, the clinical aspects of Bright’s diseases are thoroughly 
covered, numerous and detailed case reports being included Chronic nephrosis 
is not considered as a primary metabolic disease, but the whole nephrotic syndrome 
IS attributed to loss of normal serum protein in the urine As to why slight 
glomerular changes are associated with most severe albuminuria, is a mystery 
Volhard says decisively “Genug, das Nephritis-Nephrose-Problem is heute 
ungeklarter denn je” (Amen) A systolic blood pressure level above 120 mm 
of mercury always rules out pure nephrosis, but a lower figure does not justify a 
diagnosis of “nephrosis,” because patients with proved diffuse glomerulonephritis 
may have low blood pressures for a long time In short and in truth, “die Diagnose 
einer echten Lipoidnephrose” is also “keine leichte Aufgabe ” 

Volhard does not believe that a true diffuse nephritis has ever been produced 
m animals The essence of chronic nephritis is seen in the persistence or occur- 
rence of general and renal vasoconstriction The varying clinical forms of the 
disease depend on the balance between circulatory disturbance and restitution 
Even in chronic nephritis there is a long period of functional vascular trouble 
As to treatment, von Noorden’s advice to the physician is given Forbid as little, 
instead of as much, as possible Allen's rigid salt-free diet is enthusiastically 
recommended for patients with hypertension Volhard is skeptical about the effects 
of most of the so-called vasodilators His clinical subdivision of hypertension is 
rather complex and confusing, but the author makes a heroic attempt to mix 
functional and organic renal vascular changes in the proper proportions to explain 
various difficult problems 

The arrangement of the subject matter in the part by Suter follows the plan of 
the first edition There are general sections that deal briefly with the symp- 
tomatology and methods of diagnosis of urological conditions The special sec- 
tions take up systematically the congenital malformations of the urinary tract, tlie 
■various infections, calculous disease, obstructive syndromes, tumors, cystic condi- 
tions, inflammations of the perirenal fat, renal vascular accidents, diseases of the 
bladder, prostate, testes and seminal vesicles and functional disturbances of the male 
genital organs The recent advances in the diagnosis and treatment for surgical 
diseases of the urinary tract are well covered in this edition The author presents 
conflicting theories and practices in an objective manner The illustrations are 
well chosen, and the bibliography is satisfactory This section of the “Handbuch” 
should prove to be a valuable source of reference to both urologists and internists 
It must be pointed out, however, that details of surgical technic do not come within 
the province of the text 
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THE BIOLOGIC VALUE, IODINE CONTENT, HISTOLOGIC 
STRUCTURAL AND CLINICAL PICTURE OF 

GOITER '■ 

A JORDI, AID 

Edith Qa>pole -A'lemonal Research FelloM, 1928-1930 

BFRK, SWIT^EUEA^D 

In 1916, Giaham ^ applied the Gudernatsch test to goitious matenal 
o£ vaiious kinds and showed that a ceitam definite relationship exists 
between the iodine and colloid content and tlie physiologic activity of 
tadpoles on which the test is made Since then a great number of simi- 
lar expel iments have been carried out in different countries on every 
kind of goiter Paiticulai leference might be made to the work of 
Wegelm and I Alielin,- of C Abelin,’ and of Branovacky ^ 
on noimal and abnoimal human th)-ioid glands of all clinical and histo- 
logic gioups, of Wydlei ^ and of Dubois ° on the goiters of cietins, and 
of Branovacky and Pelech " on certain malignant goiters In 1923, 
Hara® applied the Asher- Streuh test on lats to diffeient types of goiter. 

* Submitted for publication, Feb 28, 1931 ^ 

From the George Williams Hooper Foundation and the Department of Bac- 
teriology, University of California, San Francisco 

" The /esults were partly reported at the annual meeting of the American 
Association for the Stud} of Goiter, at Seattle, July 10-12, 1930 

1 Graham, A A Study of the Physiological Activity of Adenomata of the 
Thyioid Gland, in Their Relation to Their Iodine Content as Evidenced by Feeding 
Experiments on Tadpoles, J Exper Aled 24 345, 1916 

2 Wegelm, C , and Abeliii, I Ucber die Wirksamkeit der menschlichen 
Schilddruese im Froschlarven\ ersuch. Arch f exper Path u Pharmakol 89 219, 
1921, Weitere Untersuchungen ueber die Wirksamkeit menschhcher Kroepfe im 
Kaulquappenversuch, ibid 105 137, 1924 

3 Abehn, C Ueber den Jodgehalt von Kroepfen im Vergleich zu ihrer his- 
tologischen Struktur und ihrer Wirkung im Kaulquappem ersuch, Arch f exper 
Path u Pharmakol 124 1, 1927 

4 Branovacky, Af Die biologische Wirksamkeit a erschiedener ICropfarten 
im Kaulquappenversuch, Alitt a d Grenzgeb d Aled u Chir 39 563, 1926 

S^Wydler, A Die Histologic der Kretinenstruma, mit Beruecksichtigung 
der Klinik des Kretinismus und der funktionellen Untersuchung, Alitt a d 
Grenzgeb d Aled u Chir 39 467, 1926 

6 Dubois, AI Vergleichende Untersuchungen ueber den biologischen Wert 
des Kretinenkropfs, Alitt a d Grenzgeb d Aled u Chir 39 543, 1926 

7 Branovaclc}' and Pelech Ueber den funktionellen Wert der Langhansschen 
wuchernden Struma, Alitt a d Grenzgeb d Afed u Chir 39 609, 1926 

8 Hara, Y Untersuchungen ueber die pathologische Physiologic des 
Kropfes mittels der Asher’schen Afethode der Empfindlichkeit der Ratten gegen 
Sauerstoffmangel, Afitt a d Grenzgeb d Aled u Chir 36 537, 1923 
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His findings ^^ere confirmed and extended b) Bianovack) ^ The con- 
clusions drawn from those mi estigations of the Bern school w'ere that 
onh within one ot the difteient well defined clmicopathologic groups 
ot goitei does theie exist the lelationship found by Graham — ^that goiters 
with high iodine and colloid content aie as a rule more active than those 
with little colloid and low' iodine content Foi instance, in endemic 
clinicalh indifferent goitei, the biologic value deci eases as follow's dif- 
tuse colloid nodular colloid, diffuse parenchymatous and nodulai 
jiai ench) matous goitei These investigators furthermore sho-wed that 
the biologic value decreases fiom the goiter in Giaves’ disease to the 
goiter in endemic cietmism thus struma basedow lana , endemic, clmicallv 
indiffeient goiter and goitei ot cretins The physiologic activity, therc- 
foie does not depend on the quantit)' of the colloid, and at the piesent 
tune no chemicohistologic oi tmctoiial method exists to distinguish, foi 
instance, the colloid of a goitei of a cietin from that of a noimally func- 
tioning diffuse colloid goiter Only biologic methods can reveal greatei 
differences betw'een the different gioups and reveal finer distinctions 
betw'een goiters of the same group 

In 1928, Spatz published similar investigations on the Bavarian 
goitei w'liich as a rvhole are m agi cement with those of the earhei 
authors During the same yeai, Williamson, Peaise and Cunnington'’' 
leported expeiiments on tadpoles with material from various types of 
goitei Then results w'lll be discussed latei in connection with mv 
findings 

The impoitance of legional factois that influence the growth and the 
histologic stiuctuie of goiter has been stiessed by a gieat number of 
authois The diffeiences are so great that the question arose whethei 
“goiter” IS the same in different localities This doubt, and the question 
whethei a piincipal biologic difference exists between the diffuse primai} 
exophthalmic goiter and the adenoma with hypei function, were the lea- 
sons wlr\ the experiments lepoited heie weie made 

Twent\-nine goiters (se\en clinicalh indifferent adenomas, ten 
adenomas w'lth hyperfunction, ten diffuse goiters of primary Basedow’s 
disease one goiter wuth h}pofunction and one normal gland with a few' 
nodules) w'eie examined The Gudernatsch test on tadpoles was made 
in all tw elite -eight cases the iodine deteiminations m twenti'-seven and 
the \shei-Stieuli test on lats in thuteen cases 


9 Branoeacke, A[ Der plwsiologische Wert der e erschiedenen Kropfarten 
untcr gleichrcitiger Beruecksichtigung des biologischen Expenmentes iind des 
Todgelnltcs khtt a d Grenrgeb d Med u Chir 37 488, 1924 

10 Spat/ H Vergleichcndc klinische, histologisclie und biologisdie Studien 
am Miienchncr Kropfmatenal Deutsches Arch f khn liled 158 257, 1928 

n Wilhatuson, G S Pcarse, I H and Cunnington H Tlie Two 

Product'- of Tin roid kctuite T Path S. Bact 31 254, l<t28 
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HISTOLOGIC CL\SSiriCATIOX 

Wegelm’s^- classification, the introduction of which was recom- 
mended by Maiine,^“ is used with slight alteiations taken fiom the 
classification of Aschoff and Bueikle-de la Camp “ which is very similai 
In order to avoid any misundei standing, the mam points are given heie 

I Struma diffusa 

1 Struma diffusa colloides (macrofollicularis) 

(a) Non proliferans (stationar} t\pc, with enlarged, c\enh round 
follicles) 

(t) Proliferans (proliferating tjpe with numerous “Sanderson’schen 
Polstern ” i e , epithelial mtrafolhcular proliferations) 

(c) Basedow ificata (islets of “h\ perplasia” betw^een the follicles) 

2 Struma diffusa basedow'iana 

11 Struma nosoda (adenoma) 

1 Struma nosoda parenchyinatosa 

(a) Struma nodosa trabecularis 

(b) Struma nodosa tubular is 

(c) Struma nodosa microfolhcularis (majority of follicles less than 75 
microns in diameter) 

2 Struma nodosa colloides 

(majority of follicles more than 75 microns in diameter) 

(a) Struma nodosa colloides non proliferans 
{b) Struma nodosa colloides proliferans 
(c) Struma nodosa colloides basedow ificata 
in Struma diffusa combined wnth struma nodosa 

The chief possibiht) foi misuncierstanchng lies in the fact that 
Wegelin considered nodule and adenoma S} nonymousl}'’, a point as yet 
still questioned b) other authors Wegehn based his conception on the 
fact that nodules show the mam characteristic of adenomas, i e , new 
giowths, namely, the autonomy of giowth, and on the fact that they 
grow fiom within, often destioying normal tissue by compression He 
pointed out that the classification is empiiic and that many transitional 
forms exist that are difficult to identify This is especially true in the 
eaih stages of adenoma foiination as different stages often occur in the 
same gland 


12 Wegehn, C Schilddruese in Henke, F, and Lubarsch, O Handbuch 
der speziellen pathologischen Anatomic und Histologic, Berlin, Julius Springer, 
1926, \ol 8 

13 iMarine, D Tlie Essential Tlwroid Changes in Goiter, Arch Path 10 164 
(July) 1930 

14 Buerkle-de la Camp Einteilung der strumoesen Erkrankungen der Schild- 
druese \on pathologisch-anatomischen Gesichtspunktcn aus unter Beruecksichtigung 
ihrer khnischen Erscheinungen, Arch f klin Chir 130 207 1924 
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METHODS 

liiL inatcri'il was lecened shorth alter the operation Size, weight and macio- 
scopic appearance w'tre noted Small pieces w ere cut out for histologic cvanii- 
nation Irom different parts in order to obtain a complete picture of the structure 
The material, fixed m plnsiologic solution of sodium chloride, three parts, and 
lormaldehjdc 40 per cent, U S P, one part, was embedded in paraffin and the 
sections w-ere stained with hematoxvlm and eosin and after the method of van 
Gicson The results of the histologic examination were compared with those 
obtained at the department of patholog 3 . University of California Hospital, and 
pro\cd to be in agreement with each other The goitrous material was chopped 
Extreme care was taken to eliminate m adenomas all calcified and fibrous tissue, 
hemorrhages and adherent normal tissue Thus onlv the active parenchyma was 
used for the experiments and the iodine determinations The material was then 
dried and ground to an extremelj'- fine pow'der and kept m sterile bottles It is of 
decided ad%antage to w'ork with dried material (independence of time, possibihu 
of repeating experiments, accurate dosage, etc ) 

The iodine determinations w'ere made by Mr J B Dalton, of the department 
of biochemistrj’’, Unnersitj of California Kendall’s method m the modification 
of Kelly and Husband w'as used 

The tests on the tadpoles w'ere carried out in August, September and October, 
1929, and from April to the beginning of September, 1930 Second year tadpoles 
of the species Rana catesbiana were used exclusivelj' This large species, measur- 
ing from 110 to 155 mm in length, has many advantages, since it is much easier 
to follow' the details of the metamorphosis and to obtain exact measurements As 
this species completes metamorphosis in two 3 'ears, a full scale of effects can be 
obtained b\ feeding goiters of different activity The normal controls metamor- 
phose so slowly that differences in animals fed with material of very low physio- 
logic activity can be detected Thus no goiter was found that failed to influence 
the metamorphosis Preliminary experiments showed that the animals were much 
more sensitive to the active substances when the metamorphosis had already started, 
which IS in agreement with the experiments made b 3 ’’ different authors (Wegelin 
and Abelin, Branovack 3 ', Dubois and others) Therefore only animals with hind- 
legs of from 12 to 16 mm m length were used Eight series of experiments were 
made, each including from three to six goiters and two controls The animals 
used in one series W'ere all from the same localit3' and had therefore lived under 
tlie same conditions In two cases in w'hich outstanding results were obtained the 
experiment w'as repeated with satisfactor 3 ' conformit 3 Four animals were used 
for each goiter and the same number for each control The animals were kept 
m glass tanks containing 2,000 cc of cit 3 tap water in the middle of a well lighted 
room but w'ere not exposed to direct sunlight The water was changed every da 3 , 
and to avoid changes of temperature onl 3 ’- water that had been kept for twent 3 '- 
four liours in the same room was used All the other precautions outlined b 3 ' 
Branov ack 3 were taken The animals were fed ev er 3 other day with 0 2 Gm 
of the desiccated material Everv other da 3 ’- one control received three tablets of 
5 grains of “Tabloid Thvroid Gland, Burroughs and Wellcome” and the other 
control dried liver All the animals were fed with finelv cut fresh lettuce on 
alternate da 3 s Three tablets of 5 grams represent 0 972 Gm , or approximatelv 
1 Gm of fresh gland Since on an average the drv material equals one fifth of 


15 Kelh and Husband Biochem T 18 951, 1924 
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the weight of the fresh gland or goiter, 1 Gm of normal standardized thyroid 
gland as contained in three tablets is equivalent to 02 Gm desiccated goiter 
material 

All results were compared with the effect obtained by this highly standardized 
product Thus all the factors that might influence the course of the metamorpho- 
sis, such as different season, different temperature and different local origin of 
the animals, were eliminated Each day’s food was left in the tanks fully twenty- 
four hours As the temperature in San Francisco is relatively low during the 
summer months (rarely 80 F ), fermentation almost never occurred The animals 
were fed with the same amount of desiccated material until they died Measure- 
ments (total length, width, length of legs and tail, width of mouth) were taken 
at the beginning of the experiments, then twice a week thereafter, and just before 
fixing the animals in Bourn’s fluid The course of the metamorphosis such as 
appearance of “violin-shape” (Geigenform), loss of the horny jaws and the 
appearance of the forelegs was recorded daily At the end of the experiments 
photographic pictures of the tadpoles were made 


EVALUATION OF THE RESULTS 

Since the metamoiphosis takes a much longer time with Rana cates- 
biana, unfoitunately the scheme of Bianovacky ^ cannot be applied 
Instead, diagiams like those shown weie made in each case demonstiat- 
ing cleat ly the couise of the metamoiphosis The curve, which is 
obtained by subti acting the aveiage length of the hind legs from the 
average length of the tails, is especially chai actenstic as it correlates 
both factors, the influence on the growth of the legs and on the reduc- 
tion of the tail The difference in the activit}^ of the various specimens 
could thus be estimated as early as at the time of the third measure- 
ment Unfortunate!}, foi lack of space, it is impossible to publish all 
the diagiams But they revealed, in agreement with the results of the 
earlier woikers, that the aveiage time of death is in a constant relation- 
ship to the course of the metamorphosis, as evidenced by the charactei 
of the cuive, by the average time of the appearance of “viohn-shape” 
and foielegs and by the average time of the loss of the horny jaws As 
the effect of the standard product of Burroughs and Wellcome varied 
in difteient seiies due to seasonal and other factors, a correction had to 
be made This was done by subtiacting the average time of death of 
these animals from the average time of death of the animals fed with 
goiter mateiial Thus for goiteis that veie more active than the 
thyroid substance I used a minus sign and foi those that were less 
active, a plus sign This gues a rathei accuiate picture of the dcgiee 
of the effect on the tadpoles 

THE ASHER-STREULI TEST ON RAJS 

The Asher-Stieuh test is based on the fact that rats after haring 
been given injections of, oi fed with, thrioid substances become moic 
sensitue to a deficiencr of oxrgen produced br evacuation This 
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increase of sensitnciiess is in a constant i elation to the quantity and the 
])h\siologic value of the fed material Details aie given b} Diuand'^ 
Asher and StreiilD' Hara,® Branovack) '* and de QueivaiiD® 

Tile method outlined b\ Branoiacky'’ and not the oiigmal one by 
Hara" was mainl) followed Onl} full giown rats were used for 
the tests The aierage of the foiii typical reactions (excitement, 
dispnea half lying [halbe Bauchlage] supine [schlafte Bauchlage]) 
were detei mined before and aftei the feeding, using fiom twenty-three 
to tw'ent\-tour minutes foi eiacuation The course of the evacuation 
was always strictly the same from tw'O to three minutes to 660 mm 
of meicuiy and then four minutes foi each following 100 mm The 
aieragc reaction of the normal animal was found greater with 300 inin 
than in the animals used by Bianovack}, the inaxnnnin and minimum 
being 318 and 286 mm Death occurred frequently below 180 mm 
The eiacuation w^as discontinued at this pressure and not at 160 mm 
as in Branovacky’s experiments Normal atmospheric pressure was 
reestablished in one and one-half minutes There was not enough 
material left from the tadpole experiments foi the rat tests in all cases 
Onij thirteen cases w'ere tested, and a different method of feeding had 
to be worked out Since all the manifestations of the administration 
of thiroid substances appear only after a certain latent period, the time 
of feeding w^as prolonged to six instead of thiee days, and the animals 
wTie tested on the seventh day Thus a higher effect w^as reached with 
the same amount of material than w'hen fed during a shortei time 
1 w’o-tenths grams of dried goiter material w^as suspended in 10 cc 
physiologic solution of sodium chlonde and fed every day by means of 
a stomach tube The total amount was therefore 1 2 Gm One control 
received thiee tablets of 5 grams (0 32 Gm ) each of thyroid 
substance (Burioughs and Wellcome) daily foi the same num- 
Iiei of dais All tests w^eie made as “blind tests” in order to eliminate 
any autosuggestion Neither the clinical and histologic diagnoses nor 
the effect on tadpoles ivere knoivn to me at the time the tests were 
made 

It is clear that the results are immediately comparable among them- 
‘-elies but not with those of the other authois The I'^alues obtained 


16 Duran M Das Verhalten a on nornialen, mit Schilddruesensubstanz 
getuetterten und schilddruesenlosen Ratten gegen reinen Sauerstoffmangel, Bio- 
chein Ztschr 106 254, 1920 

17 Streuli, H Das Verhalten \on schilddruesenlosen, mdzlosen, schdddruesen- 
und mdzlosen Tieren bei 0: — Mangel, zugleich e:n Beitrag zur Theorie der 
Bergkrinkheit, Biochem Ztschr 87 359, 1918 

18 de Queriain, F Goitre, London T Bale Sons &. Danielssen, Ltd, 1924, 
Rueck- und Ausbheke m der Schdddrncsen-Pathologie klitt a d Grenzgeb d 
Med u CInr 39 415, 1926 
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aie somewhat lowei than those of Bianovacky Instead of applying 
his evaluation of one plus for each 40 mm, the inciease of leaction 
in millimeteis of mercury is gnen in the charts 1 he accuiacy of the 
method is about ± 20 mm 

I GoiiER warn hypoiunciion 

Cast: 33 — G P, a housewife, aged 30, lived in California all her life (0-17 
Sierra Nevada, goiter region, 17-30 in San Francisco) She had a goiter of six 
months’ ( ^) duration She showed symptoms of hypofunction such as nervous- 
ness, hot flushes, dry skin and loss of hair The basal metabolic rate was minus 
19 per cent 

The removed tissue weighed 40 Gm and consisted of two pieces, 3 5 by 4 by 2 
and 6 by 3 5 by 2 cm The cut surface showed a number of small colloid nodules 
The surrounding tissue also showed an increase in colloid content In this case 
the nodules were not separated from the other tissue, as the capsules were very 
thin 

^Microscopic examination of the adenomas showed large follicles with moder- 
ately deep staining colloid and flat nonproliferating epithelium Hemorrhage was 
present in some places The fibrous tissue was increased in some of the nodules 
The surrounding thyroid tissue showed large to very large follicles, w'lth medium 
staining colloid and flat epithelium 

The histologic diagnosis was struma diffusa colloides et nodosa colloides macro- 
folhcularis nonproliferans 

The tests showed 

Iodine content, 0 148 per cent of dry substance 

Effect on the tadpoles, medium (no 33 m fig 12) 

ILffect on the rat, -f 38 mm of mercury 

The dcMation in the lesults of the two tests is veiy sti iking in this 
case In the Gudernatsch test the gland was more active than all the 
clinically indiffeient and all the slightly hypei active adenomas, but the 
figure obtained m the Asher-Streuh test was the lowest of all the goiters 
Again it must be emphasised that the latter w^as done as a “blind test ” 
Since m the Asher-Streuh test the influence of the thyroid substances 
on the gaseous exchange of the rat is measured, the low figure of plus 
38 mm wmuld correspond with the low basal metabolism rate of minus 
19 pel cent It is impossible to explain findings like this merel}'- by a 
lack of thyroxin The assumption of Oswald, de Quervain, Asher and 
othci authois that the thyroxin is not the only product of secretion of 
the thjioid gland wmuld seem indicated unless one assumes that the 
quahU of the thrioxin is changed 

II CLIXICALLY INDirrEREXT ADENOMAS 

C\SF 1 — H G, a housewife, aged 23, h\cd in England 0-1, m Canada 1-17 
and since m San Francisco She first noticed the goiter from fi\e to eight 
jears before the operation, and about one >ear before it started to grow rapidh 
No sMiiptoms of h\ perfunction w'ere present 



548 


IRCHIVLS OF INTERNAL MEDICL\L 


The rcnio\cd tissue weighed 30 Gni and consisted of two adenomas, one 4 b\ 

3 bj 2 5 cm, the other 1 cm in diameter, which were joined together bv some 
fibrous tissue Some compressed thyroid tissue w'as adherent The cut surfaces 
oi the adenomas show'cd old and new' hemorrhages and calcifications 

Microscopic examination showed that in most of the sections the adenomas 
contained small follicles, filled with medium staining colloid and lined by flat epi- 
thelium The fibrous tissue W'as considerably increased throughout the tumor 
In some areas the follicles w-ere medium m size, and were filled with medium 
staining colloid Here the epithelium was also flat and proliferated in places In 
many follicles the signs of old and recent hemorrhage and collections of lympho- 
cjtes were present 

The histologic diagnosis was struma nodosa parenchj matosa microfolliculans 
et nodosa colloides macrofollicularis partim proliferans 
The test showed 
Iodine content, not determined 
Effect on the tadpoles, little 
Effect on the rat, not determined 

Case 3 — P , a man, aged 58, lived in Canada 0-15, in Ohio 15-34 and 
for the last twentj-four 3 'ears in San Francisco He first noticed Ins goiter 
about five years before the operation From three to four years afterward he 
noticed sjmptoms suggestive of hyperfunction such as nervousness, irrita- 
bility, feeling of warmth and increased appetite These symptoms subsided from 
three to four months previous to the operation The patient suffered from gener- 
alized arteriosclerosis (blood pressure 230 systolic and 110 diastolic) and chronic 
nephritis He was treated with potassium iodide (quantity unknown) some time 
before the operation 

The removed tissue consisted of one immense, single, well encapsulated adenoma 
weighing 184 Gm and measuring 9 by 7 by 6 cm The cut surface showed one 
cyst, 2 cm in diameter, with rather recent hemorrhage The tissue was v ellowish 
grav 

Microscopic examination of the specimen did not show normal thjroid follicles 
In manv parts the epithelium formed closely packed sheets, in other parts typical 
trabecules separated by hyaline fibrous tissue and capillary vessels The w'hole 
adenoma was well vascularized In many parts the vessels were considerablv 
distended The parenchvma cells showed a rather pale staining, round nucleus 
The histologic diagnosis was struma nodosa parenchv matosa partim trabecu- 
laris 

The tests showed 

Iodine content, 0 0390 per cent of dry substance 
Effect on the tadpoles, verj little (no 3, fig 11) 

Effect on rat -}- 60 mm of mercurv (av'erage of three determinations) 

CvsE 4 — L N, a housewife, aged 43, lived in San Francisco during the last 
thirteen vears She had a goiter of twelve j'ears’ duration which increased 
rapid!} during pregnancies No definite symptoms of hvperfunction were 
present The patient showed slight nervousness and slight tremor , also moderate 
tach}cardia which could be due to the beginning menopause She gained about 
48 pounds (218 Kg) during the last four or five years 

The removed tissue weighed 42 Gm and consisted of two large pieces 7 bv 

4 bv 2 and 5 bv 3 bv 2 cm The latter, a well encapsulated adenoma was used 
in the experiment 
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Microscopic examination of the specimen showed that the follicles m man\ 
places were medium m size with medium to deeply staining colloid and flat epi- 
thelium with no signs of proliferation In other parts the follicles were \er 3 
small with dark staining colloid and flat epithelium The fibrous tissue was 
greatly increased throughout the adenoma 

The histologic diagnosis was struma nodosa macrotollicularis non proliferans 
et nodosa parenchymatosa microfollicularis 
The tests showed 

Iodine content, 0 0344 per cent of drj’^ substance 

Effect on the tadpoles, very slight, atypical (no 4, fig 11) 

Effect on the rat, not determined 

Case 6 — D R , a high school student, aged 19, lived in an endemic goiter region 
all his life The goiter started to grow eleven j'-ears before the operation, gradu- 
ally increasing in size The patient had had a feeling of pressure and slight 
dyspnea at times, but no othei symptoms 

The removed tissue w'eighed 197 Gm, and consisted of two large masses and 
some smaller adenomas, 12 5 by 6 bv 4 5 and 9 by 5 5 by 4 cm The larger pieces 
were lobulated in three parts One pro\cd to be a c>'st filled \ 31 th blood, but the 
other was of firm consistency with a rather uniform cut surface Some new and 
old hemorrhages as well as calcifications were present The smaller adenomas 
showed the same macroscopic picture 

Microscopic examination show'ed that the picture \aried to a great extent In 
some parts the follicles were large, with medium staining colloid and with flat 
to low' nonproliferatmg epithelium In other parts the epithelium of large follicles 
show'ed intensive proliferation The papillae were so tall that the follicles resem- 
bled the uterine tube In still other parts the follicles were very small wnth 
deeply staining colloid, embedded m rather wnde, partly hj'aline septums of fibrous 
tissue New and old hemorrhage and calcifications w’ere present throughout the 
sections 

The histologic diagnosis was struma nodosa colloides macrofollicularis prolif- 
erans et nonprohferans et nodosa parenchymatosa microfollicularis, partim cjstica 
The tests showed 

Iodine content, 0 0323 per cent of dry' substance 

Effect on the tadpole, minimal, atypical (no 6 in fig 11) 

Effect on the rat, not determined 

CA.sn 19 — G S, a housewife, aged 49, lived m Minnesota 0-23, in Portland, 
Ore , 23-33, and for the last sixteen v ears m California (bay' region) The goiter 
developed after childbirth, twenty -five years before the operation Symptoms of 
pressure were present but no symptoms of hyperfunction 

The removed tissue weighed 235 Gm , and consisted of three pieces, 12 by 9 
by 6 , 6 by 5 by 4 and 7 by 7 by 4 cm The cut surfaces showed similar appear- 
ance wide septums of fibrous tissue lobulate the adenomas, some of which proved 
to be cy'sts The other ones were very rich m colloid 

Microscopic examination of the specimen showed that the great majority of 
the follicles were large to verv large m size filled with medium staining colloid 
and lined by flat epithelium In some parts the epithelium showed proliferation, 
and in these regions smaller follicles with cuboidal epithelium and medium staining 
colloid were present Old and new hemorrhage, considerable fibrosis and calcifi- 
cations were present 111 many parts 

The histologic diagnosis was struma nodosa colloides macrofollicularis partim 
proliferans (fig 91 
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1110 tests showed 

Iodine content, 00372 per cent of dry substance 
Effect on the tadpoles, %erj slight (no 19 in fig 11) 

Effect on the rat, + 50 mm of mercurj 

Case 24— P C, a housewnfe, aged 68, Ined m Sw'eden 0-12, in Chicago 12-22, 
and c\er since m San Francisco The duration of the goiter was five years One 
\ear before the operation, the patient noticed samptoms of pressure and dyspnea 
Xo sMUptoms of Iw perfunction were present The drj skin and loss of hair were 
probabh due to senium and not to hypofunction of the thyroid gland 

The remo\ed tissue weighed 75 Gm, and consisted of several small pieces 
The\ were dnided by coarse fibrous septums into large and small lobules varying 
m size from 0 5 to 3 cm 

Ivlicroscopic examination show'ed that the nodules were surrounded by wide 
tracts of fibrous tissue which contained mostly \ery large follicles filled with pale 
colloid and lined bj flat to cuboidal epithelium Proliferations were missing in 
main sections In other parts they w'ere predominant, forming papillae Here 
small follicles were present 

The histologic diagnosis was struma nodosa colloides macrofollicularis partim 
prohferans 

The tests showed 

Iodine content, 0 0501 per cent of dr 3 ' substance 
Effect on the tadpoles, medium (no 24 m fig 12) 

Effect on the rat, not determined 

CASr 25 — H X' , a housewnfe, aged 55, lived m Illinois, Omaha and St Louis, 
and during the last tw'enty-seven years in San Francisco She first noticed her 
goiter thirty-five jears before the operation She was nervous for the last ten 
rears Xo signs of hj^perfunction w'ere present 

The removed tissue consisted of three large pieces, 6 by 6 by 4 5 and 7 by 
i br 4 and 4 bj 2 bj 15 cm They w'Cre roughlv encapsulated The cut surfaces 
show ed numerous nodules measuring from 0 5 to 1 5 cm in diameter Hemor- 
riiage, new and old, and calcifications were present The first mentioned adenoma 
was used m the experiments It weighed 65 5 Gm Only 30 Gm of parenchyma 
were obtained 

Microscopic examination of some of the nodules show^ed medium to large sized 
follicles with medium to deeplj" staining colloid and flat nonproliferating epithelium 
In others the follicles were small with little or no deeplv staining colloid and flat 
epithelium In mam parts ther were embedded m partlj hyaline fibrous tissue 
I \ niph cell infiltrations were present m both tj'pes of nodules Signs of hemor- 
rhage were seen m both septums and follicles 

The histologic diagnosis was struma nodosa colloides macrofollicularis non 
prohferans et nodosa parenclw matosa microfollicularis 
The tests showed 

Iodine content, 0 0411 per cent of drj’’ substance 
Effect on tapoles, ren slight (no 25 m fig 12) 

Effect on rat, not determined 

The iodine content it as found to be lowest in this group It varied 
between 0 0o23 and 0 0501 per cent of dry substance These figures 
are as a whole in agreement woth the findings of other authors It is, 
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of course, impossible to diaw fai reaching conclusions from a limited 
number of cases Hon evei de\ lations to both sides and notabU small 
figures as in the goiters of Cleveland Bein (Smtzerland) and Fiei- 
burg (Germany) were not found Graham ^ found the iodine content 
in various types of adenomas in Cleveland (Ohio) fiom 0 00 oi tiaces 
to 0 131 per cent, Schmitz-Mooimann in adenomas in Freibuig (aiea 
of endemic goitei ) fi om 0 0033 to 0 0848 pei cent, and C Abehn in 
the struma nodosa pai enchymatosa from 0 0025 to 0 0846 and in the 
stiuma nodosa colloides fiom 0 0012 to 0 055 per cent, in Bein 

The failure to find low figures foi iodine in goiter in California can 
be explained by the well known fact that both normal and goitrous 
thyioid glands aie iicher in iodine m aieas near the sea than in inland 
regions 

The biologic actuity in this gioup was found to be lowest of the 
groups studied and in general was parallel to the iodine and colloid 
content However, the specimen m case 3 wnth no colloid was about 
as active biological!} as those in cases 19 and 25, wdiich weie both 
iich m colloid Furtheimore, case 3 pioves that the biologically actne 
substances aie not onl} piesent in the colloid but also in the epithelium, 
which is in agieement wnth the findings of Wegehn and Abehn - but 
not with those of Williamson, Peaise and Cunnmgton All the adeno- 
mas, save that in case 24, induced metamoi phosis only a little eai liei than 
the livei fed to the animals of the contiol senes (fig 8) Although 
the iodine and colloid content w^as low, no goitei w'ds found that was 
entirely inactive, as lepoited by Giaham, Wegehn and Abehn and 
otheis It IS impossible to compaie the results directly, for the feeding 
duiing the expeiiments lepoited here was continued for a long peiiod 
and piobably levealed smallei amounts of active substances than the 
methods used heietofore 

Case 6 is of special inteiest The influence on the metamoi phosis 
w^as atypical Although the animals w^eie fed during more than tw^o 
months, the tails showed no i eduction and the mouths of the tadpoles 
wnth the t}pical hoin\ jaws w^eie still present at the end of the expeii- 
inents Meanwfiiile the forelegs bioke through, and all the legs show^ed 
consideiable inciease in length This unequal action w'as piesent but 
less maiked in case 4 in which the mouths of two animals meta- 
moi phosed 111 the noimal wa} Both adenomas weie poor in colloid and 
m lelative iodine content Wegehn and Abehn found the same 
unequal action in difleient degiees in goitei s in Switzeiland not onh 
with adenomas but also with diftuse colloid goitei s haiing for tlu 

19 Schmitz-lMoorinanii P Zur Struniafrage Mitt a d Grcpz!’cb d Med ii 
Chir 39 82, 1926 

20 Wegehn and Alielin (lootnote 2 ‘second reference") 
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lucahu, approxmiateh noimal relatne iodine content They interpret 
this anomal) as a proof of a dysfunction ot certain goitrous thyroid 
glands The secretion cMdcntly is not onl} altered in its quantity but 
.'Ko in its quaht} 

III XORMAL TIl\ROID GLAKD \Y1TH A FEW COLLOID NODULES 

Unfortunateh , an absolutely normal gland was not available, but that 
in case 35 consisted mostly of normal tissue The capsules of the 
nodules were so thin that they were not separated, but the whole mass 
i\.is used for the experiments ' 

C\SE 35 — A T, a man, aged 42, lived in Montana 0-23 and in the Pacific 
nortinvest 23-42 The duration of the goiter is not known Nervousness was the 
onh sjmptom that might suggest hyperfunction 

The removed tissue weighed 33 Gm , and consisted of two pieces 4 5 by 3 5 by 
2 and 4 bv 2 5 by 2 cm The cut surface showed some small adenomas, from 5 
to 12 mm in diameter, in a normal gland The follicles were not separated from 
the other tissue 

Microscopic examination of the small adenomas, separated by a thin capsule 
01 fibrous tissue, showed large to very large follicles with medium staining colloid 
and flat nonproliferating tissue In the surrounding tissue the follicles were 
medium to large, with medium staining colloid and flat epithelium 

The histologic diagnosis was a normal gland with a few nodules (nodosa 
colloides macrofollicularis nonproliferans) 

The tests show^ed 

Iodine content, 0 193 per cent of drj substance 

Effect on the tadpoles, strong (no 35 in fig 12) 

Effect on the rat, not determined 

The iodine content can probably be consideied about noimal The 
biologic activity of the mostly normal material was very high, but some- 
tv hat lower than the thyroid tablets (Burroughs and Wellcome) of the 
controls of the same senes 

It ADENOAIAS WITH SLIGHT OR QUESTIONABLE HYPERFUNCTION 

C \sc 23 — S J , a housew ife, aged 34, lit ed in \rkansas and Oklahoma 0-25, 
and during the last nine vears in California (Los Angeles and San Fran- 
cisco) She first noticed her goiter about eight j'ears before the operation 
After SIX years, during a pregnanct, questionable svmptoms of hyperthyroidism 
were present Six months before the operation the} became more definite, and 
immediatelv lief ore the operation thej were mild They consisted of nervousness, 
insomnia, tachycardia (from 80 to 90), hv perhidrosis at times and slight tremor 
01 the fingers 

The removed tissue w'cighed 83 Gm , and consisted of one major adenoma, 
measuring / bj 4 bt 2 cm, and several smaller ones The cut surfaces showed 
mosth colloid tissue separated bv wide septums of fibrous tissue A few recent 
hemorrhages and some calcifications were present 

Microscopic examination of the specimen showed that in some parts the 
majoritv of the follicles were medium in size with flat epithelium, in manj places 
proliferating, and filled vvith medium to deeph stained colloid In other areas 
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the follicles \\erc small with flat epithelium and mostly dark stained colloid Wide 
septums of fibrous tissue separated the adenomas irregularly Collections of 
lymphocytes W'ere occasionally present near the septums Signs of old and recent 
hemorrhage v;cre seen in some of the larger follicles 

The histologic diagnosis was struma nodosa colloides macrofolliculans prolif- 
erans et nodosa parenchs matosa microfollicularis wnth hemorrhages, fibrosis and 
calcifications 

The tests showed 

Iodine content, 0 0980 per cent of dry substance 
Efifecl on the tadpoles, medium (no 23 in fig 12) 

Effect on the rat, not determined 

Case 26 — H M, a housewife, aged 45, Ined around the great lakes and in 
the state of Washington, and for the last few years m San Francisco The dura- 
tion of the goiter was thirty-three years, of the symptoms of hyperthyroidism, two 
\ears The symptoms consisted of moderate nervousness, tachycardia (from 96 to 
105) , palpitation, tremor, perspiration and loss of weight (9 pounds [4 1 Kg ] 
during the last year) 

The removed tissue, composed of two huge pieces measuring 10 by 8 by 3 cm 
and 11 by 6 by 4 cm, consisted of different adenomas, showing varying degrees 
of degeneration Some formed cysts, filled with brownish fluid, the others w'cre 
mostly of the colloidal type, but some show^ed old and new hemorrhages, fibrosis 
and calcification 

Microscopic examination of the specimen showed that in some parts the 
majority of the follicles were very large, distended with flat epithelium, intermixed 
w'lth small areas of small follicles and low cuboidal epithelium Some of the large 
follicles were filled with blood Collections of lymphocytes w’erc frequent and 
of considerable size Other parts showed wide septums of partly hyaline connec- 
tive tissue Here the majority of the follicles were small with flat epithelium and 
light colloid Only a few areas showed low cuboidal epithelium 

The histologic diagnosis was struma nodosa colloides macrofolliculans partim 
basedowificata with hemorrhages, calcifications and formation of fibrous tissue 
The tests showed 

Iodine content, 0 0672 per cent of dry substance 
Effect on the tadpoles, slight (no 26 in fig 12) 

Effect on the rat, not determined 

Case 28 — , a widow', aged 67, a shopkeeper, lived in Missouri until 35 
A ears ot age , since then she lived m Stockton, Calif Her goiter was of tw’enty' 
years’ duration It grew rapidly during the last three years, and at the same 
time symptoms of hvpcrthyroidism developed They w'ere mild at the time of 
the operation and consisted of nervousness, palpitation, muscular w'cakness and 
diarrhea, but no tachycardia or exophthalmos 

The remoxed tissue weighed 53 Gra and consisted of two major portions and 
some smaller adenomas The first mentioned measured 6 by' 4 by' 3 5 and 4 by 
2 5 bx 3 cm and x\ ere composed of different small adenomas 

klicroscopic examination of the specimen shoxved that in some parts the 
follicles were of medium to large size xvith intensely stained colloid and low 
epitiielnim, mixed with areas of xery small follicles xvith flat epithelium and 
medium to lightlx stained colloid In other parts all the follicles were small xvith 
flat epithelium, separated bx hyaline fibrous tissue Hemorrhage xxas present in 
both follicles and stroma 
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I he histologic diagnosis ^\as struma nodosa niacrofollicularis proliferans et 
nodosa parenclnmatosa microfolliculans 
The tests shotted 

Iodine content, 0 0675 per cent of dry substance 
Effect on the tadpoles, medium (no 28 in fig 12) 

Effect on the rat, not determined 

Case 31 —M E, a housewife, aged 40, lived m California (Sacramento t alley 
and San Francisco) all her life The duration of the goiter was eighteen years 
Slight stmptoms of hj perthyroidism det eloped six months before the operation, 
such as nertousness, palpitation, tremor, tachycardia (90) and a basal metabolic 
rate of plus 4 5 per cent No exophthalmos was present 

The remosed tissue weighed 76 Gm, and consisted of one large, well encapsu- 
lated adenoma, measuring 6 b}' 5 5 by 4 cm and weighing 65 Gm , and two small 
pieces of normal tissue The adenoma was used for the experiments 

Microscopic examination of the specimen showed small follicles with little or 
no colloid, lined bv large cuboidal epithelium The stroma was increased, iamt)y 
stained and edematous The thyroid tissue was of normal structure 

The histologic diagnosis uas struma nodosa parenchymatosa microfolliculans 
in a normal thjroid gland 
The tests showed 

Iodine content, 0 0605 per cent of dry substance 
Effect on the tadpoles, slight (no 31 in fig 12) 

Effect on the rat, not determined 

The iodine content in the latter four cases langed bettteen 00605 
and 0 0980 per cent, which is higher than m the clinically indifferent 
adenomas This is of great significance Schmitz-Moormann showed 
that the relative iodine content of the normal gland steadily increases 
with the age of the patient and that frequently the same happens in 
adenomas This would explain the fact that h 3 "perthyroidism originating 
fiom these tumors appears only m later years, as Pluminei and 
Boothb) particularly point out 

The biologic activity on the average was higher than m the first 
group Houeiei, one clinically indifferent adenoma, that in case 24 
with 0 0501 per cent iodine, was considerably more active biologically 
than am of the goiteis with slight hyperf unction In order to explain 
this fact one has to take into account the degree of the function of the 
noiinal gland, the counteraction of the other glands with internal secre- 
tion and especially the individual sensitiveness of the autonomous ner- 
\ous s\stem factois which are all unknown 

There is no absolute relationship between the iodine content and the 
biologic actu it) The specimen in case 23 with an iodine content of 
0 09S per cent is eien a little less active than that in case 28 with a 

21 Plummer, H S The Function of the Thyroid Gland, Beaumont Lecture, 
Detroit Tan 27 1925 

22 Boothbi W AI Adenoma of the Thiroid with Hyperthvroidism (Thyro- 
toxic \denoina). Endocrinology 5 1, 1921 
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content of 0 0675 pei cent Both, howe^el, with high colloid content 
aie more aetive than the specimen m case 31 with little colloid Unfortu- 
nately, for lack of mateiial, the tests on the lats could not be made m 
these cases 

The histologic pictuie does not show any notable chaiactciistic<=; 

■V ADENOMAS WITH DEFINITE IIYPLRI E NCTION 

Case 10 — D P, a housewife, aged 40, lived in Italy 0-28, and in California 
(Sierra Nevada) 28-49 Her goiter was of twenty years’ duration Duiing 
the last two yeais sj'’mptoms of hj'perthyroidism developed such as a moderate 
degree of perspiration, tachycardia (from 90 to 100), tremor, recent loss 
of weight (20 pounds [9 Kg] m three months), blood pressure 160 sjstohc 
90 diastolic and thyrotoxic myocarditis Five months liefore the operation she 
was treated with “medicine” that made her condition worse (probably iodine) 

The removed tissue weighed 158 Gm , the two major pieces, measuring 9 b\ 
6 by 2 5 and 7 S by 5 by 2 5 cm , consisted of smaller and largei adenomas 

Microscopic examination of the specimen showed very large follicles with 
deeply staining colloid and flat epithelium, intermixed with areas of small follicles 
and tall cuboidal to columnar epithelium Lymphocytic infiltration was not marked 
The histologic diagnosis was struma nodosa colloides basedowificata 
The tests showed 

Iodine content, 0 147 per cent of dry substance 

Effect on the tadpoles, very strong, typical (no 10 in fig 12) 

Effect on the rats, plus 98 mm of mercury (average of three determinations) 

Case 17 — M B , a man, aged 62, alwavs lived m Mendocino County, Calif 
His goiter was of eighteen years’ duration Symptoms of hyperthyroidism devel- 
oped SIX years before the operation wnth nervousness, palpitation, tremor, 
diarrhea and excessive perspiration Thev were severe at the time of the 
operation The patient lost weight (32 pounds [14 5 Kg] during the last fi\c 
years and 13 pounds [5 9 Kg ] during the last year) m spite of a good appetite 
The heart showed auricular fibrillation (pulse from 110 to 120) The blood pres- 
sure was 180 systolic and 70 diastolic 

The removed tissue weighed 58 Gm , and consisted of two adenomas 4 b\ 3 5 
by 2 5 and 5 by 4 by 3 cm 

Microscopic examination of the specimen showed very large follicles with 
medium staining colloid and low, partly desquamating epithelium Adjacent were 
areas with small follicles lined by low^ cuboidal epithelium New' and old hemor- 
rhages were scattered throughout the tissue, collections of hmphocjtcs were 
numerous There w'as considerable formation of fibrous tissue A small piece of 
thyroid tissue showed normal structure 

The histologic diagnosis w'as struma nodosa colloides basedow'ificata in a normal 
gland (fig 1) 

The tests show'ed 

Iodine content, 0 249 per cent of drj substance 

Effect on the tadpoles, extremeh strong, Upical (no 17 in fig 12, diagram 

% 2 ) 

Effect on the rat, -f 174 mm of mercurj 

C\SE 18 — W M, a housew'ife, aged 61, Ined m San Francisco during the last 
few jears The duration of the goiter w'as not known Sjmptoms of hjperth\- 
roidism had been present for two jears The S 3 mptoms which were rather se\ere. 
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Fig 1 (case 17) — Struma nodosa colloides basedowificata In this section are 
seen medium large and small follicles, formation of papillae in some follicles at 
the left and collections of lymphocytes Hematoxylin and eosin, X 75 



Fig 2 (case 17) — ^Effect on the metamorphosis of the tadpoles Maximum in 
the group in Mhich adenomas with hj'perfunction were used The iodine content 
nas 0 249 per cent In this and in figures 4, 6, 7 and 8, the measurements, in 
millimeters, represent the a\erage of the total length, the length of the tail, and 
the length of the hind legs of four tadpoles used for one specimen or for one 
control The last points on the cur\es demonstrate the aierage lengths at the 
a^erage time of death The circle indicates the loss of horny jaws, Xi the appear- 
ance of the foreleg (1 =left, r = right), and the dagger, the death of one animal 
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consisted of ncr\ousncss, palpitation, tremor, cvccssuc perspiration, taclijcardia 
(from 120 to 130), increased appetite, loss of weight (30 pounds [13 6 Kg] in 
one and one-half jears), blood pressure 180 sjstolic, 70 diastolic, but no exoph- 
thalmos 

The removed tissue weighed 43 Gin, and consisted of four well encapsulated 
adenomas, 4, 3, 2 and 0 5 cm in diameter 

Microscopic examination of the specimen showed that the majoritj of the 
follicles were verj large with flat epithelium, partly desquamated and light to 
dark staining colloid Adjacent were areas with small follicles and tall cuboidal 
or columnar epithelium and faintlj staining colloid Collections of lymphoc\tes 
were infrequent 

The histologic diagnosis was struma nodosa colloidcs basedowificata 
The tests show'cd 

Iodine content, 0 163 per cent of dr\ substance 

Effect on tadpoles, ^cr^ strong, Upical (no 18 in fig 12) 

Effect on rat, not determined 

CAsn 27-— J 1 , a man, aged 55, Ined in New' York and Connecticut, and 
for the last twcnt^-fne \cars on the seashore of the San Francisco penin- 
sula He had a goiter of ten years’ duration, with sjniptoms of hyperthj roidisin 
for about one j'car The sj'inptoms, consisting of ner\ousness, palpitations, 
tremor, excessive perspiration, tachjcardia (130 at times) due to thjrotoxic 
myocarditis wuth auricular fibrillation, increased appetite and diarrhea, were 
marked The patient w’as treated with compound solution of iodine (10 drops, 
three times a day) during the three months preceding the operation 

The removed tissue w'cighed 378 Gm , and consisted of three large pieces, one 
11 5 by 8 by 5 cm composed of many nodules Aarying in si7c from 02 to 4 cm 
Many showed hemorrhages, new' and old, and some calcification One single 
adenoma measured 8 by 7 by 6 cm, and one piece 6 by 5 by 4 5 cm showed a 
structure similar to the first one The two first mentioned were used in the 
experiments 

Microscopic examination of the specimen showed that m some sections the 
follicles w’ere very large w'lth flat, in many follicles prolifeiating, epithelium and 
medium stained colloid, mixed wuth areas of small follicles with cuboidal epithe- 
lium Small collections of Ijinphocjtcs were frequent Some distended follicles 
show'cd old and new' hemorrhage and others desquamation of the epithelium In 
other paits the size of the follicles w'as more uniform, from small to medium, with 
faintly staining colloid and flat epithelium Wide scptuins of partly hyaline con- 
nectue tissue, showing signs of old hemorrhage, and some calcifications were 
present Lj-mphocj'tes were missing m these parts The histologic diagnosis was 
struma nodosa colloidcs partiin bascdow'ificata et nodosa parencln matosa micro- 
folhcularis 

The tests showed 

Iodine content, 0 276 per cent of dri substance 
Effect on tadpoles, extremch strong (no 27 in fig 12) 

Eftcct on rat, -[- 149 mm of inercun 

Cask 32-— B L, a housewife, aged 33, lued in North Dakota and Idaho she 
came to San Francisco two ^cars before the operation for a goiter of eighteen 
j cars’ duration It had remained the same size until three j ears before the opera- 
tion when, after childbirth, it began to grow rapidlj At the same time simptoms 
of hvpertlw roidism dei eloped, consisting of nervousness, palpitation, excessne 
perspiration, moderate tachjcardia, muscular weakness and loss of weight No 
exophthalmos was present 
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Fig 3 (case 9) — Struma diffusa basedowiana The colloid contents in many 
lollicles IS greatlj increased, as a sequel of a three months’ treatment with iodine 
Hematoxylin and eosm, X 75 



Fig 4 (case 9) — Effect on the metamorphosis of the tadpoles Maximum m 
the group in \\hich struma diffusa basedowiana was used The iodine content was 
0 '60 per cent 
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Jht rcnio\c(l tisMit wtiglicd 65 Gni , and conMslcd of two large pieces 5 5 in 
4 1)\ ^ and 0 In 5 1>\ 2 5 cm , formed In muUiiile colloid adenomas of different si/e 
Some showed small calcifications 

^fieroscopic examination of the specimen showed enormoiisK distended lollieles 
with medium to Iighth stained colloid lined In flat cpithtluim in main parts 
prolileratmg in a marked degree Signs of old and new hemorrhage were present 
Between the huge follicles were narrow areas with small follicles, lined In cuboid d 
epithelium Iherc were no eollections of hinph cells present 

Ihe histologic diagnosis was struma nodosa macrotolliculans prolifcrans 
The tests showed 

Iodine content. 0 2 32 per cent of dr\ substance 
Effect on tadpoles, \er\ strong (no 32 m fig 32) 

Effect on rat, + inm of mercurj 

Casi 34 — M L, a housewife, aged 40, an Armenian, Ined m California for 
the last number of jears She had a goiter of eighteen j ears’ duration which 
developed after childbirth Sjinploins of Inpertln roidism, consisting of ncr\ous- 
ncss, tremor, palpitation, cxccssuc perspiration and taelneardia (from 120 to 130) 
had been present during the last two acars The basal metabolic rate was 20 4 
per cent phis, one month before the operation 

The removed tissue weighed 78 Gm, and consisted of two pieces One mea- 
sured 5 b} 4 bj’’ 2 cm and proved to be normal thvroid tissue The other, weighing 
00 Gm , was a single adenoma, well encapsulated, measuring 6 5 by 4 5 bv 3 cm 
Only this one was used for the experiments 

^Microscopic examination of the thyroid tissue showed a normal slnicture con- 
sisting of medium sired lobules with small to medium large follicles The colloid 
was vv^ell stained, and the epithelium was flat or low euboidal No areas of 
proliferation or collections of Ijinphocvtcs were found The adenoma showed 
medium sized follicles with dark stained colloid and flat epithelium Areas with 
small follicles were present, with flat to low euboidal epithelium 

Ihc histologic diagnosis was struma nodosa colloides maciofolhcularis paitim 
prolifcrans m a thvroid gland of normal structure (fig 10) 

T he tests showed 

Iodine content, 0 204 per cent of drv substance 
Effect on the tadpoles, verv strong (no 34 m fig 12) 

Eflect on the rat, -j- 124 niiii of nicrcurv 

The lelalive iodine content vaned between 0 147 and 0 276 with an 
a\ Cl age of 0 2118 pci cent which is second highest of all the gionps 
The biologic actnih. howevci, was highei in both tests In case 17 the 
specimen showed the maxinnim of all the goiteis examined (fig 2) with 
the highest lodme content among the untieated (lodme) adenomas The 
specimen m case 27 with an iodine content of 0 278 per cent, which had 
been tieated with iodine, was somewhat less active about the same as 
the specimen m case 18 with an iodine content of onh 0 163 pei cent 
A definite con elation between the iodine content and the biologic actnih 
on the one hand, and the clinical actnitv on the othei, was not piescnt 
Howevci the goilei with the lowest lodmc content and the lowest bio- 
logic activitv was clmicall} modeiateh' active while the goiter m case 17 
with the highest biologic actn It) (fig 2) was clmicalh \er\ active Hit 
two localities in which thvioid tablets weie used for companson m the 
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Tig 5 (case 14) — Struma diffusa parenchj'matosa basedowiana Small follicles 
with little or no colloid are seen The duration of the treatment with iodine was 
nine da^s Hematowlm and eosin, X 75 



Fig 6 (case 14) — Effect on the metamorphosis of the tadpoles, very little In 
this group struma diffusa parencliMuatosa basedow'iana was used The iodine con- 
tent was 0 196 per cent 
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Gudcrnalsdi lest, Bein and ^Munich arc cndeniie ccnleis Mthough 
both ])nniai) and ‘^econdan Basedow's disease aie imieh Ic'-s fiequent 
and mildti in aicas with endemic goitci than in othei sections often 
enough cases with s\inptoms of extieme h}peiactiMt\ aie obseived 
"Jhe most actne adenoma of Biano\ack)’s ’ senes, foi instance, was 
fiom a patient with a basal metabolic lalc of plus 52 pei cent, the results 
from this case show'cd less biologie activit} than the th}roid tablets 
(Paike, Davis and Company) with 0 2 pei cent iodine Some of the 
adenomas of the senes of Spatr w^eie chnicall} even moie active, and 
m then effect on the tadpoles, as active as the “Thyieoid-Dispert” used 
as standaid This would therefore suggest that in coastal aieas adenomas 
wuth hypei function aie biologicalU moie active and elimealK as active 
as those in inland aieas Fuithei compaiatue studies on a laigei scale 
wall be needed to reiifr adaptation of the patients neai the sea to a long- 
lasting hypci seci etion 

The aveiage iodine content of the adenomas in Bianovaekv’s senes 
wans only 0 0588 pei cent, wdiieh is w'ell below' the iodine content of the 
noimal glands in Ijein The six cases lepoited heie ie\ealed an 
aveiage of 0 2118 ]iei cent, which is piobably as high as in noimal glands 
near the sea, but is about foui times as high as in the hypei active 
adenomas in Bent 

It is of special inteicst to note that all the patients wnth the most 
active adenomas had Ined on the coast foi a numbci of ycais and that 
foui of SIX specimens sliow'cd basedow ification One patient had been 
tieated wuth laige doses of iodine 1 he consideiabl} higliei colloid con- 
tent of this gioup, as compaied rvith the other adenomas is sti iking 
How'evei, the specimen in case 19 (fig 9) w'as rich m colloid, but clinic- 
ally indifferent and biologically of little activity This indicates, in agiee- 
ment wuth Wegelin and Abelm,-’ that the biologic value depends not 
on the quantit\ but on the qualitr of the colloid A icview' of the 
mateiial of a hundied opeiations, to be published elsewdieie, showed, 
in agieement wuth othei authois, the same fact, that the stiuma nodosa 
paiench 3 matosa and the colloides et paienchymatosa are chnicall}^ less 
actne than the struma nodosa colloides prohfeians et basedowificata 

M STRUM diitus\i:t kodosa w'nii iiyruRruNCiiON 

Casf 15 iV C, a housewife, aged 47, lived in Utah until the age of 42, 
then in California (in one of the large valle 3 's) She first noticed the sj'mp- 
toms of I 13 perthj roidisin about sixteen months before operation The}' became 
inucb worse four months after she had undergone an operation (gastro-entcrostomj 
and In sterectom\ ) The s^ mptoins at the time of the admission to the hospital 
were tjpical and inoderatclv set ere, consisting of nervousness, palpitation tremor 
in perhidrosis, tachtcardia (from 100 to 130), increased ajipctitc loss ol weight 

23 Wegelin and Abehn (footnote 2 , second reference') cgclin (foot 
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and exophtlnlmos She was treated with compound solution of iodine for thirteen 
d-i\s before the operation (i{, minim [0 01 cc ] for two da 3 's, minim [0 03 cc ] 
lor tlircc daj s and K minim [0 0075 cc ] for eight da^ s) wdiich relieved her symp- 
toms somewhat 

The rcmo^ed tissue weighed 72 Gin, and consisted of three pieces measuring 
9 5 1)\ 5 5 b\ 4 5 and 7 In 3 5 In 7 5 and 3 5 In 2 by 1 5 cm , respectively 



1930 

Fig 7 ("control no 7) — Eftect of thjroid tablets (Burroughs and Wellcome) 
on the metamorphosis of the tadpoles, verj strong The iodine content w^as 0 4 
per tent 



1930 

Fig 8 (control no 8) — Course of the metamorphosis ot normal tadpoles, fed 
with liter and lettuce At the end of the experiment all the animals are still 
alitc, the\ still show' the typical tadpole mouth wnth horny jaws No forelegs 
hate appeared 

Microscopic examination of the sections shotved medium to large follicles tvith 
flat nonproliferating epithelium and medium staining colloid, intermixed with areas 
in which ttpical proliferations of the epithelium tvith cuboidal to low columnar 
cells were present In still other areas the follicles were small with cuboidal to 
low columnar epithelium and lightly stained colloid Collections of lymphocytes 
were infrequent and small A few adenomas measuring from 1 to 1 5 cm were 
‘=een, the interior of which shotted medium to large follicles with flat nonprolifer- 
ating epithelium In the periphery signs of typical basedotvification tvere present 



jORDi—GoiJ j:r 


56 1 

Tilt histologic diagnosis was stninia diffusa colloidcs hastdowificata ct nodosa 
colloides bascdowificata 
The tests showed 

Iodine content, 0 296 per cent of dr\ substance 
Effect on the tadpoles, medium (no IS in fig 11) 

Effect on the rat, not dcterniiiied 

As the capsules of the adenomas in this specimen weie aei\ thin 
the whole mass was used m the expeiiments The biologic activity was 
in sjiite of the high jodme content low comjaaicd with the Apical 
goiteis of Giavc’s disease This might be due to the infeiioi biologic 
value of the adenomas in winch the basedow ilitation etidcnth staited 
latei 

MI Dlirrsi OOIILKS 01 PRIMSKY P tSLDOW ’s DISPAST 

Casi 2 — III, a hotisewale, aged 29, had a goiter of two } cars’ duration 
Ihc symptoms weic of moderate degree, but typical, consisting of nereou'-- 
iiess, palpitation tremor c\ccssi\e perspiration, increased appetite, taclneardia 
(from 120 to 130) and cxoplithahnos Stcllwag, Itloebins and Graefe’s signs 
w'cre positne The patient was treated with the roentgen ra\s and compound 
solution of iodine one and one-lialf jears before tiie operation The goiter decreased 
in sue, and the patient felt improved Later the svmptoins recurred Compound 
solution of iodine was again taken intcrinittcntlj foi fourteen months, but was 
discontinued some time before the operation One da\ before the operation, it was 
administered again 

The removed tissue vvciglicd 12 5 Gin, and consisted of two pieces, measuring 
4 bv 2 bv 1 and 2 bv 2 bv 0 8 cm 

Microscopic c\aniination showed the gland to be divided In fibrous septuins 
which were rather wide in places, into small to medium sired lobules The fol- 
licles were small to medium m sue, lined by high cuboidal to columnar epithelium 
Ihe colloid was mostly pale staining with vacuoles and serrated edges Lvmpho- 
cv tic infiltration vyas marked 

Ihc histologic diagnosis vyas struma diffusa parcnchv matosa basedow lana 

The tests show^ed 

Iodine content, not determined 

Effect on the tadpoles, medium 

Effect on the lat, not determined 

Case 5 — R E, an unmarried woman, aged 48, lived in California (bav 
region) all her life She first noticed the svinptoms six months before the opera- 
tion Thev were moderate, consisting of nervousness, palpitation, tremor, hvpcr- 
hidrosis, tachvcardia (from 100 to 110) and muscular weakness, but no ocular 
svmptoins The patient was treated with compound solution of iodine one month 
prior to the operation 

The removed tissue weighed 24 Gm and con«isted ol two pieces 6 bv 4 bv 15 
and 5 bv 2 5 bv 15 cm 

Microscopic examiintion showed medium to large follicles lined b} flat to 
low cuboidal cpithelumi and filled with mostlv deep staining colloid Throughout 
the sections there were areas with verv small follicles, containing little vacuolated 
colloid with desquamated epithelial cells Here the epithelium was high cuboidal 
to columnar Discrete areas of Ivmphocvtes were rather infrequent 

The histologic diagnosis was sinmia diffusa colloides ct parcnchv matosa base- 
dow lana 
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llie te^ts showed 

Iodine content, 0 480 per cent of dr\ substance 
IZftect on the tadpoles, ^erJ strong (no 5 in fig 11) 

EfTcct on rat, not determined 

CvsF 7—11 M, a housewife, aged 36, Ined in Austria (“near Tyrol”) up 
to the age ol 19 and since then in California, on the coast She had symp- 
toms of Basedow s disease fourteen rears before the operation, but she was 
better without medical treatment The symptoms de\ eloped again ten months 
betnre operation, with nerrousness, palpitation, tremor, excessive perspiration, 
taclncardia, increased appetite, muscular rveakness and loss of weight (18 pounds 
[8 2 Kg ] 111 six months) The patient was treated wuth compound solution of 
iodine (10 drops three times a day) for three w'ceks preceding the operation The 



Tig 9 (case 19) —Struma nodosa colloides macrofolhcularis, clinically indiffer- 
ent Van Gieson, X 75 


basal metabolic rate was 51 per cent plus before the administration of iodine and 
it dropped to 36 per cent plus after sixteen dars of treatment The other symp- 
toms improred accordingly 

The remo\ ed tissue w'eighed 47 Gm , and consisted of tw^o pieces 8 by 4 by 
2 5 cm and 5 5 b\ 2 5 b} 1 cm 

Iilicroscopic examination of the specimen show ed that the follicles were mostly 
small with faint to medium staining colloid and chief!} cuboidal epithelium Some 
loihcles were of medium to fairlj large sire with flat epithelium Areas of heavy 
hmphocitic infiltration were numerous 

The histologic diagnosis was struma diffusa basedowiana 
The tests showed 

Iodine content, 0 246 per cent of dr\ substance 
Effect on the tadpoles, medium (no 7 m fig 11) 

Effect on rat 108 mm of mercuri 
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Ca^f 9— G F, a housewife, aged -fO, alwa\s Incd in California (bai 
region) The first symptoms of Basedow’s oisease de\e!opcd four ^cars before 
the operation The patient felt improecd after a \acalion and felt well lor 
one jear Two 3 cars before the operation, the sjmptoms again developed and 
became much worse after an attack of infiucnra eight months before Thej^ were 
t>pical but of a moderate degree, consisting of nervousness, palpitation, tach>cardia 
and loss of weight (16 pounds [7 3 Kg]) The basal metabolic rate was 52 per 
cent plus three months before the operation The patient was treated from then 
until the time of the operation with compound solution of iodine (3 drops three 
tunes a daj) and felt much improved She gained 5 pounds (2 3 Kg ), and the 
tremor and the h 3 'pcrhidrosis especiallv were less severe J here was no exoph- 
thalmos at the time of the operation 



Fig 10 (case 34) — Struma nodosa coiloides niaenjfnlliculans, clinicallv with 
Inperfunctioii ^k^n Gicson, X 75 

The removed tissue weighed 45 Gin, and consisted of three pieces, 6 Iw 4 by 2, 
4 63 2 63 1 and 3 5 bv 15 bv 1 cm 

Microscopic examination of the specimen showed large follicles with flat epi- 
thelium and deeph staining colloid In other parts sections with small follicles, 
lined bv tall columnar epithelium, partlv desquamating, were seen Small infiltra- 
tions of Ivinphocvtcs were numerous m these parts 

The histologic diagnosis was struma diffusa basedowiana (fig 3) 

The tests showed 

Iodine content, 0 560 per cent of drv substance 

effect on the tadpoles, verv strong (no 9 in fur 11 , fig 4 ) 

Effect on the rat. 161 mm of mtrcurv 

Casi 11 ~B X , an unmarried woman aged 45, alvva3S lived iii California (bav 
region) She knew of her goiter onh one monlh before the operation The 
svmptoms were Ivpical, but not severe and consisted 01 nervousness, palpitation, 
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ircmor, lo'-s of weight and increased appetite No exophthalmos w^as present 
Ircatment with iodine was not reported 

Die rcmoicd tissue weighed 27 Gm , 7 5 b\ 3 b} IS and 4 5 by 3 b} 1 cm 
Microscopic examination showed the follicles to be predominantly small, with 
pale to medium staining colloid and lined b} tall cuboidal epithelium, which was 
desquamated in main follicles Infiltrations of Kmphocvtes w^ere frequent 
The histologic diagnosis was struma diffusa parenchymatosa basedownana 

The tests show'ed 

Iodine content, 0 029 per cent of dr\ substance 
Effect on the tadpoles, slight (no 11 m fig 11) 

Effect on the rat, not determined 

C\SE 13 — \ A, a housewife and teacher, aged 33, Ined m different parts 
of Canada, and for the last three years in California (Lake Tahoe region) 
She was nerious during the last seven years The cardinal symptoms devel- 
oped after salpingectomv and appendectoni} sixteen months before the operation 
tor goiter and became more severe after ten months The symptoms were 
tipical, consisting of nenousness, tachycardia, palpitation, h} perhidrosis, increased 
appetite, diarrhea, muscular weakness and exophthalmos Graefe, Stellwag, 
Moehius’ signs were positne Treatment with compound solution of iodine (0 6 
(.(. three times a da\ ) was administered tw'o and one-half w’eeks before the oper- 
ation 

Die remoted tissue weighed 30 Gm , and consisted of two pieces measuring 
4 s I)\ 3 bv 1 6 and 5 5 bi 2 5 bv 2 cm 

Micniscopic examination of the specimen showed that the follicles w'cre small 
to medium in size, wnth medium stained colloid wdiich showed serrated edges m 
some instances The epithelium was high columnar, m man} follicles m two and 
three Ia}ers Collections of l}mphocytes were infrequent 

1 he histologic diagnosis was struma diffusa parenchvmatosa basedowiana 
The tests showed 

Iodine content, 0 228 per cent of dry substance 
Effect on tadpoles, medium (no 13 in fig 11) 

Effffeet on the rat, not determined 

C\SE 14 — B , a housewife, aged 25, lived m California (central plain) 

all her life Symptoms of goiter began one and one-half years before the oper- 
ation She was treated wnth compound solution of iodine on alternate weeks, 
some months before operation She felt relieved at first, but four months 
before the operation, alter she had discontinued taking iodine for a while, she 
became worse She did not take am iodine until nine days before the operation 
(0 6 cc three times a dav) at which time the basal metabolic rate was 614 per 
cent plus The svmptoms were tvpical consisting of nervousness, tremor, hyper- 
hidrosis, tach}cardia, increased appetite, loss of weight (15 pounds [6 8 Kg] during 
the last two months) Exophthalmos was marked Graefe, Stellwag and Moebius’ 
signs were positive 

The removed tissue weighed 27 5 Gm , and consisted of two pieces 5 bv’’ 3 bv 
2 5 and 5 bv 3 by 2 cm 

Microscopic examination showed a “classic picture” There were rather uni- 
lornilv small follicles with little or no colloid The colloid w'as famtl} stained 
and vacuolated The epithelium was tall columnar, partly desquamated, forming 
Iiapillae in mam follicles Small areas of lvmphoc}tes were present There was 
no sign of involution 
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]lic liistologic diagnomh. \\as struma diffusa parcncln nntosa In^cdowiaua 
(fig 5) 

The tests shoued 

Iodine content 0 196 jier cent of dr\ substance 
leffect on the tadpoles, slight (no 14 in fig 11 fig 6) 

Eflect on the rit not deterninicd 

Cash 29— T A, a girl, aged 14, lued in northern California until the age 
of 9, and in the bav region e\er since She had had goiter and SMiiptoins 
for two years Slic was treated iiitcnnittcntlj'’ with iodine (amount not known) 
which relies ed the ssanptoms temporanlj but thes became worse wlien the 
treatment was discontinued During the last few' montlis preceding the ojicration 
tlie illness became nioie sesere Wlien the patient enteied tlie hospital she sliowed 
the typical picture of exophthalmic goiter nersousness, palpitation, tremor, tachs- 
eardia (from 100 to 120), loss of weight and increased appetite Exophthalmos 
was present, and tlie Stellwag Graefe Isloebius’ signs were positise The 
basal metabolic rate was 80 8 per cent plus (Bcncdict-Talbot) or 81 S per cent 
plus (Benedict-Hendis -Baker) The patient was treated with compound solution 
of iodine (0 6 cc three times a das ) three ssceks before the operation, under ssliich 
treatment she improsed 

'ihe remosed tissue sseighed 100 Gin, and consisted of tsso pieces, measuring 
7 5 by 5 by 3 and 8 by 4 by 4 cm 

j\Iicroscopic examination of the specimen shossed many medium to large follicles, 
filled ssath pale to medium staining colloid and lined by flat to loss' cuboidal epithe- 
lium, proliferating in places The colloid ss'as sacuolated in many follicles Areas 
with s'ers small follicles and tall columnar epithelium, forming papillae, sscre pres- 
ent Here the follicles ss'cre empts or filled ssith little pale colloid Lymphoid tissue 
in the form of small follicles to large infiltrations ssas abundant There svas no 
inciease of fibrous tissue 

The histologic diagnosis ssas struma diffusa bascdossiana 
The tests shossed 

Iodine content, 0 318 per cent of drj substance 
Effect on the tadpoles, sers strong (no 29 m fig 11) 

Effect on the rat 115 mm of mcrcur' 

Casf 30 — II E, a married ssoman, aged 42 hsed in Montana and Idaho 
0-25, then on the Pacific coast and for the last jear in the ba}' region She 
had ssmptoins of hs perthj roidism for one jear, and a definite goiter for from three 
to four months The symptoms ss'cre tspical and sesere, consisting of ner- 
sousness, palpitation, excessise perspiration, tach 3 'cardia (from 100 to 110), 
increased appetite and loss of weight (20 pounds ([9 Kg] m six months) Xo 
exophthalmos ssas present The patient ssas treated ssith compound solution of 
iodine (0 6 cc tin ee times a das ) for one month before operation 

The remosed tissue sseighed 60 Gm , and consisted of tsvo pieces measuring 
6 by 4 by 2 5 and 5 b} 3 5 bs 2 cm 

Jtlicroscopic examination shossed the great majorits of the follicles to be 
medium to large in sire, with scant colloid m general, and flat epithelium In 
some follicles the epitheluim proliferated and ssas cuboidal to columnar Through- 
out the sections were areas with small follicles with no or little colloid, lined bs 
tall columnar epithelium Small collections of Ismphocstes ssere present 
The histologic diagnosis ssas struma diffusa bascdossiana 
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The tests showed 

Iodine content, 0 208 per cent of dr\ substance 

Effect on the tadpoles, strong (no 30 in fig 11) 

Effect on the rat, + 115 mm of mercur\ 

THE lODIKE CONTENT 

The two exti ernes found in this group weie 0 029 and 0 56 pei cent 
The average iodine content of the goiteis of seven patients treated with 
compound solution of iodine was the highest of all the groups, 0 3194 per 
cent The goitei of the onh' untreated patient showed an iodine content 
considerably below normal Both lesults are in agreement with the 
findings of a number of other authors (Branovacky,"'^ Holst and 
Lunde-®) Bianovacky, foi instance, gave as an average for untieated 
severe cases 0 0547 per cent and foi mild cases, 0 0223 per cent 

A certain relationship exists between the iodine content and the 
quantity of iodine administered before operation, as the patient with 
the highest peicentage was treated for three months and the one with 
the lowest for only nine days But between these two extremes there 
exists no con elation whatsoevei The patients m cases 5 and 7 weie 
both treated with the same amount, and the percentages were 0 246 
and 0 480 

IHE COLLOID CONTENT 

Section V of the table shows cleaily that the colloid content is 
parallel to the iodine content, confirming the well known fact that 
treatment with iodine increases the colloid content, desciibed by A 
Kochei , Cattell,-® and later especially by Rienhoff Recently, how- 
e\ei some authors particularly Hellwig,-® pointed out that the high 
colloid content too often is attributed to the preoperative treatment with 
iodine He claimed that goiters of Graves’ disease with rich colloid 
but with flat epithelium are not “lugohzed hyperplasia” but diffuse 
colloid goiteis with beginning ‘ basedowification” and that these can 
always be distinguished fiom goiters in which the colloid content 
increased as a result of treatment with iodine by the taller epithelium 

24 Brano\acky (footnotes 4 and 9) 

25 Holst, J , and Lunde, G Intermediate Iodine Metabolism During the 
Preoperatne Treatment of Exophthalmic Goitre, Am J Surg 7 39, 1929 

26 Cattell, R The Pathology of Exophthalmic Goitre, Boston M & S J 
192 989, 1925 

27 Rienhoff, W F Histologic Changes Brought About in Cases of Exoph- 
thalmic Goitre b\ Administration of Iodine, Bull Johns Hopkins Hosp 37 285, 
1925 

28 Hellwig, C A Form und Funktion des nordamerikamschen Kropfes, 
-\rch 1 khn Chir 154 1, 1929 



jORDi—GOii i:r 


573 


in the laige follicles I agiee that the diagnosis of “lugoli/ed hypei- 
plasia’ IS made too often As a lulc, a consideiation of the patient’s 
histoiy will decide 

The biologic actnit} showed a complete dependence on the iodine 
and colloid content in this gionp Howe\ci it is to be said that slight 
deviations might ha\e been found in a gicatci nninbei of cases Ihe 
biologic activit} , as ah ead} mentioned, \\ as low ci than in the adenomas 
with hyperf unction, although they wcie clinically moie actne and the 
iodine content was highei The fact that adenomas aie much less 
vasculai i/ded than the diffuse gland and that they aic deioid of l3mph 
^essels might suggest that then highei biologic actnit} is due to incom- 
plete icsorption of the actne substances None of the goiteis was moie 
active than the tlnioid tablets of Buiioughs and Wellcome 

Section V of the table also shows that in this group theie is no 
lelationship whatsoe^el between the clinical and the biologic activity 
The two e\ti ernes the goitei in cases 14 and 9, aie of special inteiest 
The goitei in case 14 w’os chmcalh \ei\ sc\cic, with a basal metabolic 
late of plus 614 pei cent aftei thiec da\s of tieatmcnt with iodine, 
and the goitci showed the old classic pictuie of the stiuma diftusa 
parenclnmatosa ha'^edowiana with little oi no colloid (fig 5) The 
biologic actnit}' was ^cl} slight, as figme 6 dcmonstiates It w^as 
even lowei than m case 2-1, a chmcall} indifteient stiuma nodosa col- 
loidcs The biologic actnity of the goitei in case 11 in which the 
patient had not been tieated with iodine, was e\cn less actne Unfoi- 
tunateh the tests on lats could not be made in these cases 

On the othei hand, the goitci in case 9 which showed a modeiate 
clinical hypci function (basal metabolic latc -j- 52 pei cent befoic the 
tieatment with iodine) w'as cei} actne m both tests (fig 4) Wegehn 
and Abehn and Biano\ack} ‘ each lepoited one case of goitei with the 
t}pical pictuie of the stiuma diffusa paicnch}matosa basedownana 
which failed to induce oi show'ed onl} a ^el} slight ellect on the 
metamoi phosis of the tadpoles The goitci m the case of Wegehn and 
Abehn showed onh tiaces of iodine, in the case of Bianovackv, it w^as 
nchei in iodine Pieopeiative tieatmcnt wnth iodine is not piohable 
in either of these cases 

The stud} of Williamson, Pcaise and CunningtoiO’- ie\ealed the 
same fact on a gieatci numbei of goitci s Nine specimens of 
stiuma diflusa pai ench} matosa wnth little oi no colloid, which had not 
been tieated with iodine bcfoie the opeiation, failed to induce meta- 
morphosis Six of these goitei s contained no iodine (detci mined 
with the method of von Fellcnbeig) and thiee vei} little (0 008, 0 009 

29 Wegehn and Abehn (footnote 2, second reference) 
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and 0 064 per cent) Furtheimoie, 500 Gm of moist mateiial of the 
same untieated t}pe ^^as digested aftei the method of Hanington, and 
the digest A\as piecipitated with acid The piecipitate, which con- 
tained 1 04 pel cent iodine, was neutialued and fed to tadpoles without 
accelerating the metamoiphosis Iodine-treated, colloid-containmg 
goiteis of GiaAes’ disease weie not tested 

It would lead too far to discuss the theoiy these authors developed 
tiom then findings But the} show, togethei with Wegelm and Abehn, 
EianoAack} and my finaings, that untieated or insufficiently tieated, 
hut chnicalh Aeiy active, glands of Giaves’ disease can have little or 
no eftect in the Gudeinatsch test On the other hand, theie are cases 
lepoitcd in which the goiters had a ven low iodine and colloid content 
and nhich iiere biologically A^ei} active Foi instance, the goitei in a 
case of 'Wegelm and Abehn (1921) with 0 011 pei cent iodine content 
A\as at least as active as the th}roid tablets (Buiioughs and Wellcome) 
and thciefoie as actue as the goitei in case 9 of my senes with 0 560 
pel cent iodine, and with the highest biologic actnity, about fift}’’ times 
highei 

Hon aie these tacts to be explained 7 Recent investigations on 
the iodine metabolism show the action of the iodine on patients with 
piiman exophthalmic goitei Von Fellenberg,“° and Veil and Sturm 
showed that in cases of piimaiy th}iotoxicosis the iodine content of 
the blood IS ahva}s inci. eased Holst and Lunde"'^ confiimed these 

findings, and fmtheimoie, b} sepaiating the blood iodine by von Fellen- 
bcig’s method into the alcohol-soluble moiganic and the alcohol- 
m^oluble organic fraction, demonstiated that not only the percentage 
ut the total but also the peicentage of the oiganic blood iodine is 
gieath increased in patieiits Avith piimary exophthalmic goitei Accoid- 
ing to these authors the figures foi the iroiganic fi action are considei- 
ahl} heightened dining the admimstiation of iodine, wdiile the oiganic 
fi action “is 1 educed to the noimal oi almost to the noimal figures and 
the fall is piacticall} paiallel to the deciease of the metabolism fig- 
uies ’ At the same time, as is well knowm, a letention of the colloid 
and iodine in the goitei occurs These investigations theiefoie ivould 
suggest that the eftect of the admimstiation of iodine can be explained 
meiel} by the law of mass action thus confirming the view of dif- 
lerent clinicians who called it diasticall} a “constipation” of the gland 
It is, howevei, haidl} concen'^able that there should not be enough 
tliM 0 X 111 (and othei active substances) left in a gland wdiich is still so 
actn e as to maintain a high basal metabolism to induce metamorphosis 

30 \on Fellenberg- T Das Vorkommen, der Kreislauf und der Stoffwechsel 
des Tods, Ergebn d Plnsiol 25 176, 1926 

31 ^■ell, W H, and Sturm, A Deutsches Arch f klin :Med 147 166, 1925 
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Romeis sho^\ed that a solution of thyioxin 1 lOOOOOOOO is still 
definitcl} actuc Iheicfoie. the theoiy of Plummu, and of othei 
aiithois, that in ad\anccd stages of piiman exophthalmic goitei the 
gland pioduces an abnoiinal, incompletely lodi/cd th}ioxin, would 
gam suppoil assuming, howe\ei that this .ibnoimal th}ioxin, piohahly 
togethei AMth othci substances would onh act on the metabolism but 
not on the metaiuoiphosis Swingle ‘ showed that acet\ 1-th) i oxin 
induces metamoiphosis in tadpoles but does not act on the metabolism 
The same authois* point of mcw, that the gland is exhausted soonei in 
one patient and latei in anothci, would explain the fact that goiteis with 
little iodine and colloid aie actne in the Gudneinatseh test m the one 
case and inaetue in the othei 

It IS difficult to decide, iiom the woik of the cailiei woikeis and 
fioin the expciiments lepoitcd hcie whelhei the stiuina diflusa 
paieneh) matosa b.isedow'.ana is bi ought back to noimal in its bio- 
chemisli) and in its 1 unction b) treatment wnth iodine, a Mew held by 
IMaiinc^ and othei aulhois It is a w'ell established fact that the 
stiiima bascdowian.i is moie actne (with ccitain exceptions mentioned 
befoie) than the chnicalh indiflcicnt diffuse colloid goitei, both in 
the Gudernatsch and m the Ashci-Sticuh test But unfoitunatcl) 
onl) a few noim.d glands Innc been subjected to these tests cgclin 
and Abehu haAC two noimal glands in then senes aaIucIi A\eie both 
as actne as the tlnioid tablets of Buiioughs and Wellcome but the same 
AAas tiue of the onh unticatcd slitim<i bascdoAAiana BianoA.ickA * 
found that tAVo noimal glands A\'cie on the aAciage shghtl) less actn’’c 
than the stiumae bascdoAAianac aaIucIi jiinbabl) had not been tieated 
AAith iodine In the senes lepoited heie thice lodine-ticated stiumae 
difliisac basedoAA lanae aacic dccidedl) inoic actne than the specimen 
in case 35 A\dnch consisted mainh of noimal tlnioid tissue Thiee 
othei s Aieie onh little less actne 1 ins A\ould theiefoie suggest that 
under the tieatmcnt A\ith iodine in ccitain cases the potcnc) of the 
gland IS actuall) not dcci cased but inci eased Onh iiiAestigations on 

a laiger scale, including biologic tests, aauII be able to sohe this piob- 
lem 

COAlAirXl 

The repoited findings sIioaa^ that the con elation between the iodine 
and colloid content, and betAA^een the iodine content and the biologic 

32 Romcis, B Biologiscbc Vcrsuclic ucbci die Wiiksanikcil Acrscliicdcnei 
Tliyrcoideapraeparatc Ztsdir f d ges txptr Aled 4 379, 1916, 5 99, 1917 
6 101, 1918 

33 Plummer, H S, and Boolbln, W M The Value of Iodine m F\oph- 
thalmic Goitre, J Iowa State kf Soc 14 66, 1924 , footnote 21 

34 Swingle Am J Physiol 70 208 1921 

35 Wegclin and Abelm (footnote 2, first lefcrcnce) 
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actnit), ot adenomas in California is not so great as in the material in 
Clei eland ('Marine'-’) but is greater than in the material m Bern 
(C Abelm=‘) and m Munich (Spatz,'°) The extremes m a given 
gioup generall) follow the rule that those with the higher iodine con- 
tent are richei in colloid and are biologically moie active than those 
uith Ion iodine content The deiiating lesults might be due, as Spatz 
suggested, to the more widespiead use of iodine in aieas of endemic 
goitei 

The lelationship between the iodine content and the clinical activity 
of adenomas seems to be much closer, in agreement with the leports of 
Wegelni and Abehn,- Branovacky and Spatz The iodine content 
mci eases from the low figures of the clinically indifferent cases 
through the climeally slight to the clinically seveie hyperactive ade- 
nomas 

The compaiison of the iodine content and the biologic activity of 
adenomas m California, an area on the penpheiy of an endemic, with 
those found in centers of endemics is of special interest The iodine 
content of clinically indifferent adenomas of diffeient histologic struc- 
ture langed -vMthin the same limits, as the one in Fieibuig (Geimany), 
Munich (Geimam), Bein (Switzeiland) and Cleveland (Ohio) 
Honeiei, Ion figuies as m Bern and Cleveland weie not found The 
group of clinically Impel actne adenomas showed a considerably highei 
lodme content than all the adenomas in the localities mentioned before 

The biologic activity of clinically indiffeient adenomas was about the 
'^ame as in Bein and m Munich, to judge from the comparison with 
the effect of standardized thyroid substances On the other hand, the 
biologic actiMties of the adenomas with hyperfunction was highei than 
the one of all the t)pes of goiters m Bein This tact might be attri- 
buted to the higher iodine content It is impossible to compaie the 
results ^Alth those in the othei legions of endemic goiter, since no 
standard effect nas determined theie 

The relationship between the iodine content and the biologic activ- 
it\ as compared with the action of thyroid tablets of Burioughs and 
Wellcome, is of gieat interest Three clinicall} very active adenomas 
w nil an iodine content of 0 163 to 0 276 per cent w^ere biologically more 
actne than the tlmioid tablets with 0 4 pei cent (fig 7), whereas two 
strumae diffusae basedowianae wuth a higher iodine content (0 560 and 
04S0 per cent) were slightl} less active, and one of this series wuth 
0 560 pei cent w as approximatel}'^ as active as one of W egehn and 
Abehn’s"^ with 0 011 per cent 

It IS ei ident that m the iodine-treated goiters of primary Graves’ 
disease not all the iodine is present in an active form One must 
assume the same foi the normal thjroid substance, if one does not 
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accept the point of view that in the adenomas with hypei function the 
iodine occnis in a inoie active foim All these consideiatioiis lead to 
the conclusion that not the quantity but the quality of the iodine com- 
pounds deteimme the biologic and clinical activity of noimal and 
goitrous glands 

Difleient facts cleaih indicate that the adenomas with h}pei func- 
tion diflei biologically fiom the dilluse goiteis of pi unary Basedow’s 
disease The i elation between the iodine content and the clinical activ- 
ity IS lathei constant m adenomas, but is entirely missing in the lodme- 
treated stiuina basedouiana, in which the biologic activity is paiallel 
to the iodine content The biologic activity of the lattei is high when 
under the successful tieatment wnth iodine the symptoms of hyper- 
tlnioidism ha\e paith subsided No instance of a clinically hypei- 
actne but biologicalh inactne adenoma has e\en been lepoited, as 
m the case ot stiuma diffusa basedow lana All these difieiences 
gieatK suppoit the Mew of Plummei and otheis that a fundamental 
difteience exists betw'een the two forms of h^peitln loidism 

A chslunclion of the ^allous Upcs of goitei seems at the piesent 
time the most discussed pioblcm It was adxocated foi the stiuma 
basedow'iana b} iMoebuis and is today suppoited especially In Plum- 
mci and b\ de Quenam^'* The lesults of the expciiments lepoited 
hcic together with those of othci authois seem to substantiate their 
Mew Wcgelin and Abelm demonstiated a d^sfunctlon of different 
t3pes of goiteis m then expeiimcnts on t.idpolcs The same was found 
m two adenomas of this senes FuitheimoiCj the deviation of the 
results of the two biologic tests suggests the existence of a sccietion 
changed m its qualit} , but not m the same mannei as m the adenomas 
and m the goiteis of Graics’ disease No results as to the natuie of 
these difteient foims of d\sfunction hacc been bi ought foiwaid in 
this iin estigation 

36 Hanngton and Randall (The Chenned Assay of Thyioid Gland, Quart J 
Pharm &. Pharmacol 2 SOI, 1929) showed that the lhyro\m-iodine varies bctw'een 
28 and 60 per cent of the total iodine 

37 It IS impossible, from these experiments, to decide whether this is due to 
morphologic factors (lower degree of lesorption) or to the biologic properties of 
the products of secretion 



GRANULOPENIA (GRANULOCA LOPENIA) 

SPECIAL REPEREKCE TO CLASSIFICATION AND BENIGN TAPES ^ 

GEORGE M PIERSOL, MD 
EDAARD STEINFIELD, MD 

PIIII ADEI PHI V 

The S3ndiome fiist desciibed b} Schultz as agianulocytosis was 
consideied b} him to lepreseiit a definite clinical entity Othei obseiveis 
who also held this Anew' based then opinions on the fairl} unitoiin 
clinical histoiy, paiticularl) the age and sex predilection and the peculi- 
aiity in the distiibution of the supposedly specific lesions Plowevei, 
subsequent contributions haA'e indicated that a similar hematologic 
picture occms with varying clinical features and apparently is based 
on a vaiiety of causes Later obseivations have stiengthened the view 
that the disease is symptomatic of a ntimbei of etiologic factois, such 
as infection, chemical agents and the action of x-rays and radium 
The protagonists of the theoi}' that the disease is a distinct entiti 
believe (1) that it represents a specific piimary disease oi infection 
of the gianulopoietic stiuctuie in the bone mairow with the neciotic 
lesions in the mouth as an expression (Schultz), oi (2) that the lesions 
in the mouth foim the primary focus of a sjAecific infection The 
opponents of this conception agiee that there is an abnormal i espouse 
to the vaiious types of infection or chemical poisons with diminution or 
disappearance of the gi anulocy tes , they believe that this defect is piob- 
ablv due to ditleiences in distribution oi to actual injuiy of the granulo- 
poietic mechanism wnth destiuction oi lack of production m these cells 
An attitude of compromise is taken by Dahlen and Wahlgien,' wdio 
believe that the condition is the lesult of infection acting on a piedis- 
position in the foim of hjpoplasia of the myeloid stiuctuies These 
conflicting views not only have cieated a conti OA'^ersial aspect in the 
discussion of gianulopenia but have indicated the necessity foi a more 
piecise teimmologA and a moie caieful subdnision of these vaiious 

^ Submitted for publication, TuU 3 1931 

■" Read before the Association of American Plwsicians, Atlantic Citv, N T, 
6, 1931 

From tlie Graduate School of Medicine, University of Penns\lvania, and 
the Laboratories of the Jewish Hospital 

1 Schultz, W Deutsche med Wchnschr 48 1495, 1922 

2 Dahlen B , and A ahlgren F Acta med Scandlna^ 65 407, 1926 



PIERSOL-STU \ riLLD~i,R4\ L LOPLKIA 


579 


groups Not the least nnpoitant is the remo%al of the equn-ocal desig- 
nation of agianulocxtosis Among the eaihcst authors to prefer the 
term granuIoc\ topenia was DaMcl “ Based on analog) wnth such terms 
as “leukopenia’ and “thrombopcnia,” we see no objection to the abbre- 
Matcd term of granulopenia winch has been adopted recenti) b\ Roberts 
and Krackc ’ 

\Vc bclic\c that the sxndiome described In Schultz merits the term 
ot primal \ granulopenia and that instances without discoeeiable cause 
and coricsponding to his oiigmal description should propcih fit into 
this categon This premise would rest on a sounder basis if it were 
possible to la\ down ccitain ciiteria m the same manner in which one 
now distinguishes pernicious anemia iiom sccondai) anemia The term 
secondar) gianulopcnia ‘^cems appiopiiate for the larger group of cases 
due to known causes A satisfactorx classification not dissimilar to the 
one recenti) adxocated by Roberts and Ki.icke is as follows 


Pitvw)\ Giamtlo['inta 

(a) Acute ( Scluilt?) 

(b) Chronic (rtcurrciU) 


Sitoi/doM Cji aiiulopcuta 

( i) General inicctions 
Influenza 
T\ piioicl 

Some c\aulhcniasi 
Sepsis, etc 
(.b) Focal infection 

(c) Clicnucal (arsphcnaniine, benzene'', 
td) Irradiation fx-rajs, radium) 

(c) Flood diseases deukcmia, splenic 
diseases, aplastic anemia, etc 


PRIMARV GRAXLLOPRXIA 

Ihc characteristic clinical features of pi unary granulopenia or 
agranulocxtosis of Schultz Fncdemann ' and others have been described 
so frequentl) that it suffices here to rexiew briefi) the salient features 
In a t)pical case, an acute febrile illness occurs in a middle-aged woman 
with prostiatioii, usuall) mild jaundice, sore throat and necrotic ulcera- 
ti\c or gangrenous lesions in the mouth, phar)nx and vagina Lesions 
in other parts of the digcstne tract, such as in the esophagus, stomach 
colon, rectum and anus haxe also been described The leukoc)te count 
IS profoundl) depressed afiecting mainly the granuloc) tes, with a cor- 
responding jiredominanee of lymphoc) tes The pol) morphonuclear cells 
ma) fall to lower than 10 pei cent or ma) be entiiely absent on smears 
At the same time, there is little or no change in the led cells, hemo- 
globin 01 platelets The spleen and fixer are slight!) enlarged Death 
usuall) occurs xvithin one month, in milder cases there may be recovei) 

3 Daxid, W :Med Kim 20 1614, 1924 

4 Roberts, S R, and Kracke R R Ann Int Med 5 40 (Jufi) 1931 

5 Fnedcmann, X ^fed Kim 19 1357, 1923 
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At necrops} the bone manow shoA\s erythropoietic function, but the 
gianuIoc\tes are feiv Houever, 3^ounger forms, such as n^eloblasts 
and eosinophilic myelocytes, ma} be found M}eloc3des showing 
CMdencc ot degeneration aie also noted 

SECONDARY GRANULOPENIA 

In contiast uith the rather rare primar3 types are the lelatively 
more common instances of depressed granuloc3de counts associated with 



Tig 1 — Smear from sternal marrow (postmortem) in a case of diffuse bone 
marrow injurj^ following the administration of neoarsphenamme In the center 
are seen a number of macroblasts (er^throblasts) with tjpical “cart wheel” nuclei, 
toward the periphery are several megaloblasts w'lth fine vesicular nuclei Lack of 
maturation of both mjeloid and er^throld senes is noted No mieloci'tes or 
poh morphonuclear cells were found in ani field 

general oi focal infections, with conditions caused b3’’ ai sphenainine, 
benzene and other chemical agents, or b3'- the x-rays and ladiuni or 
Yith a less general aplastic state of the bone manow, as in certain 
anemias It seems more appiopriate to designate such conditions as 
secondai} t3pes or to considei them all as does Duke “ as belonging 

d Duke \V W Aplastic Anemia, T A AI A 91 720 (Sept 8) 1928 
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to the geneial class of aplastic anemia and vaiying in degiec oi in the 
selective chaiactei of the aplasia Among these types, that induced by 
aisphcnamme has been well studied in lecent yeais Usually this t>pe 
IS associated uith othci signs of diffuse aplasia, such as a lowered 
numbei of led cells and platelets Occasional!}, the anemia is fuithei 
inci eased by maiked hemoiihagc due to thioinbopenia It seems more 
likely to occui uhen the aisphenaminc is given to a s}phihtic patient 
vho shous evidence of anemia A typical instance ohsened b} us uas 



Fig 2 — Section from marrow of femur m a patient presenting secondarj’’ 
granulopenia from sepsis Normoblasts, macroblasts and mcgaloblasts are present, 
but m 3 'eloid senes are represented b> a few nn eloblasts and degenerated m\ eloevtes 

lecently desciibed ~ The patient, an Italian woman, aged 45, had seveie 
anemia and a positive Wasseimann icaction Though she was tieated 
cautiously with small doses of neoai sphenaminc, gi anulopenia developed, 
and theie was a furthei lowciing of the led cells and hemoglobin 
The last leukocyte count on the day of death was 850, and neutiophils 
were absent in the blood smeais A senes of similai instances was 
lecently reviewed b} Farley® He does not believe that the arsenic in 

7 Stemfield, E, and Sluy, FI M Clin Noith America 13 923 (Jan) 1930 

8 Farley, D Am T M Sc 179 214, 1930 
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the .usi)hcndinine molecule is the cause of the iDhenomenon Theie are 
se\cial possible explanations, there ma) be (1) an icliosyncias\ to the 
.irsphenanime per se possibl} creating a benzene-like action on the bone 
inaiiow or (2) a foiin of Herxheiinei reaction uith the liberation of 
niNclotoxic substances The lattei theoi\ appears plausible in view 
of the fact that m the past patients w^ho w'eie not syphilitic and wdio 
suilercd from se\ere secondaiy anemia or pernicious anemia have at 
times show n improvement from the empiric use of arsphenainine 

The gianulopcma secondary to irradiation is well known and has 
frequent!} been described Granulopenia is symptomatic of various 
diseases of the blood and lymphatic structines In the leukemias it 
appeals to be due to interference with the foimation of mature cells 
due to intense proliteration oi infiltration of the leukemic cells in the 
bone inaiiow We have occasionally seen depiessed bone manow" 
function in carcinoma h mphosai coma and othei malignant conditions 
in the absence of demonstrable invasion of the bone marrow^ Whethei 
this IS due to some obscuie toxic factor or to the inability of the bone 
maiiuw to cope with the demands resulting fioin cachexia and a dis- 
ordeied nutiitional state w^e are unable to sa\ 

The occunence of a granulopenic blood pictuie in septic states has 
been described in a recent article by Blumer,-^ w'ho emphasizes the diffi- 
cultt in distinguishing such cases from aplastic anemia and leukopenic 
stages of leukemia 

Oui interest m the occurrence of model ate gianulopenia associated 
with focal infection and ending in recovery was aroused by the fol- 
lowing case 

Case 1 — Ihstotx — B H, a school girl, aged 7, was admitted to the Graduate 
Hospital, X’o\ 1, 1929, w'lth a painful sw^elling of the right side of the lower jaw' 
There was no histor} of familial or hereditary diseases With the exception of 
measles, the prcMous medical history was uneventful 

Two weeks before admission, the patient had a slight sore throat Six days 
before admission, the right low'er molar was extracted Following this, the jaw 
became swollen, and a temperature of 103 F developed The patient was treated 
in the clinic and lInpro^ed, but again became wmrse and was admitted to the 
hospital 

Examination — Physical examination on admission revealed an undernourished 
girl who appeared toxic, the temperature w'as 102 F No icterus of the sderae w'as 
noted The area of the right mandible was swollen and tender Small round white 
ulcers were present on the lips The inner surface of the low'er lip was covered with 
white plaques of o\al contour with central depressions varving in size from that 
of a pinhead to that of a pea A halo of reddened mucosa surrounded these areas 
The right lower first molar and the second premolar were absent, and a swelling 
was present along the ramus of the mandible The tonsils w'ere reddened and 
criptic but not much enlarged, no exudate w'as present on them The sub- 

9 Blmner G Am T M Sc 179 H, 1930 
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niaxillan group of cervical hmph nodes ^\as enlaigcd a soft mitral scstolic 
iminmir was present, the pulmonic second sound was accentuated The lungs w'cre 
clear The spleen was palpable No genital lesions were present On admission 
the leukoce te count w as 2 000 w ith the neutrophils 20 per cent or a total of 400 
cells per cubic millimeter 

Coiiiu — After forte -eight hours the temperature began to fall the leukocjte 
count had risen to 4 800 and the lahnl ulcerations liegan to heal On Xoeembei 5. 
there was marked general improeement, and the leukocetes had risen to 10,200, 
with the total number of graiuiloce tes 27 per cent The recoeere m the number of 
granulocetes was preceded be a slight increase m the mctameelocete group The 
red cell and hemoglobin counts eeerc lowest on admission, the red cells being 
3,610,000 and the hemoglobin, 64 per cent the ma\imiim count was noted cleeen 
daes after admission, namcle 4,560,000 red cells and 71 per cent hemoglobin 
Blood platelets varied from 194,000 to 230,000, the eoliime Hide's evas 0 78 
Reticuloce tes e aricd from 0 3 to 0 4 per cent Cultures of the blood w ere sterile 
The treatment, which was almost entireh' local, was admmistercd under the direc- 
tion of Dr I\v liiough stimulatnig doses of roentgen irradiation for the long 
bones and injections ot foreign protein were considered, improvement began betorc 
these measures were actualh inaugurated 

The second case illustiafcs gianulopema associated with focal infec- 
tion occtiriing as part of a gcncial aplastic blood pictiiie 

C\sr 2 — Hi<!tor\ — B E B , a white woman, aged 40 single, was admitted to 
the Graduate Hospital on lune 23, 1928 with the eomplamt of jiaiii and swelling 
of the legs The faniilv historv was not relevant The past historv was uneventful 
until 1918, when the patient had a nervous collapse necessitating complete rest 
The present illness began m \pril, 1928, wben the patient noticed that it was 
difiicult to walk rapidh It became incrcasmglv diflicult to raise the legs, and later 
craniplike pains were noted in the calf of the right leg The ankles then became 
swollen and discolored Pallor and general weakness appeared 

L\aminalion — ENaniuiatioii revealed a pale undernourished, asthenic woman 
No icterus was noted Ecchvmoses were present above both knees on the anterior 
aspect of the thigh and in both popliteal spaces 

Hj perreflexion was present there was no absence of vibratorv sensation 
Examination of the upper part of the respiratorv tract made bv Dr R PI Skilleni 
showed hjperplastic ethnioiditis on the left side Plie tonsils were buried, crjptie 
and badly infected, with free pus Tonsillectomy was advised 

Dental canes were noted m the second right upper molar and gingivitis along 
the gingival line of tlie upper right molars A roentgenogram showed a slight 
infection around the second upper right molar and a Iirokcn root fragment m the 
region of the upper right bicusjud 

The heart was normal, with the exception of a moderate, l)ell-like aortic second 
sound No enlargement of the liver or spleen was found there were no palpable 
masses Orthopedic examination made by Dr W G Elmer showed that the right 
knee w'as pathologically flexed (20 degrees) The hamstrings were tense and 
contracted Pelvic examination (made by rectum) gave normal results 

Laboratory examinations showed blood sugar, 129 mg and blood urea nitrogen, 
10 mg per hundred cubic centimeters The Wassermann and Kahn reactions of 
the blood were negative Fractional gastric tests showed free hvdrochlonc acid 
present m all specimens, ranging from 5 to 35 No ova or parasites were found 
m stools 
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Uninhsis showed a positne reaction to acid, a specific gravity of 1017, no 
albumin, no sugar and no casts 

Com sc — With extra nourishment and the ingestion of liver and hematinics, 
the blood count gradually impro\ed When the leukocjte count, w'hich was 1,700 
on admission, reached the satisfactory level of 7,600, tonsillectomy was done 
(Juh 31) After this, the patient graduallj improved in strength and in ability 
to walk, though she w'as inhibited greatly by a listless and apprehensive attitude 
Blood platelets laned from 125,000 to 209,000 The coagulation time w^as seven 
minutes , the clot retraction, normal, and the bleeding time, tw'O minutes 


Blood Counts m Case 2 on Vauoiis Days 
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In addition to the tvell defined primary granulopenia of Schultz 
and the cases that are cleail}'^ secondary, instances are encountered 
that fail to fit definitely into either gioup, as foi example that of the 
patient tvith lecuning cycles of granulopenia desciibed by Rutledge, 
Hansen-Pruss and Thayer Somewhat similar cases have been reported 
1 ecentl) by Robei ts and Kracke * 

Thompson described a syndrome chai actei ized by a febrile illness 
associated wuth leukopenia, lymphadenopathy, palpable spleen and the 
late appearance of white spots on the posteiior part of the pharynx 
The author had unusual opportunities to study some of these patients 
prior to the appearance of the disease All of the seven patients who 
were described m this report recoveied, despite the fact that m two 
cases cell counts show^ed the absence of polymorphonuclear cells 
Though the condition in some of the cases also lesembled infectious 
mononucleosis the usual age predilection was absent 

In a series of ten patients presenting the agi anulocytic syndiome 
desci ibed by Rosenthal,’-- there w^as one, a wmman, aged 52, who showed 
a normal lelative pioportion betw^een the polymoiphonuclear cells and 
the l 3 'inphoc 3 'tes, though the total leukocyte count was onl 3 ’' 900 The 
author designated this case as "aleukoc 3 Tic angina ” 

A critical surve 3 '^ of these somew'hat at 3 "pical and borderline cases 
laises the question as to wdiether oi not they ma 3 ’^ be legarded as variants 

10 Rutledge, B H , Hansen-Pruss, O C, and Thaier, W S Bull Johns 
Hopkins Hosp 46 369 (June) 1930 

11 Thompson, W P Am J M Sc 180 232, 1930 

12 Rosenthal, N New' York State J Aled 30 695, 1930 
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in the scale between the typical piimar}'’ gianulopenias and the secondary 
varieties 

Theie aie undoubtedly man} peisons otheiwise noimal, who exhibit 
a definite tendency towaid gianulopenia This fact has been stiikingly 
demonstiated by Roberts and Iviacke," who found from caieful analysis 
of the blood counts of 8,000 patients that about 25 pei cent show 
gianulopenia, and that tins gioup of peisons exhibit fatigue, weakness, 
exhaustion and somnolence moie readily and to a greater degiee than 
those uith noimal gianulocyte counts In this class of gianulopenic 
peisons, they found that 56 per cent wcie women, the majoiity of whom 
neie between 40 and 60 years of age 

Then obsen^ations aie significant when consideied in the light of 
the age period nhen piimaiy granulopenia is most common Furthei- 
more, it is not umeasonable to suppose that this gioup is paiticularly 
susceptible to the obscuie factoi that is responsible foi acute granulo- 
penia 

EXPHRIMENTAL SlbDIES 

With the thought of studying the mechanism of granulopenia rather than with 
any hope of throwing light on its etiology, we have endeavored to imitate the 
blood picture in this condition For this purpose we have used inoculations of a 
small group of common bacteria Rabbits were the only animals used The 
following strains were selected anhcmoly tic, hemolytic and green streptococci, 
Bacillus influenzae (Pfeiffer), pneumococcus (type I), B coh, B typhosus, B 
proteus and Staphylococcus aureus The inocula consisted of (1) the bacteria in 
suspension, (2) Berkcfeld filtrates of broth cultures, (3) supernatant fluids of 
cultures inactnated by cresol, U S P, after three days’ incubation, (4) agar plus 
bacteria and homologous blood plus bacteria to produce infected foci in the 
hyperergy’^ experiments The first three were injected subcutaneously, intramus- 
cularly and intravenously The infected foci w'cre produced in the loose tissues 
of the flank In addition to the eilccts of simple injections, the effects of an altered 
state of reactivity of the experimental animal w'ere studied with the thought that 
these factors may create widely different responses in individuals to the same group 
of organisms This is of particular application in instances of granulopenia that 
are definitely associated with septic or local infections due to organisms that usually 
produce leukocytic response We are mindful of the fact that emphasis has been 
placed on these altered states by various observers in recent y'cars Swuft, Derick 
and Hitchcock ],ai e studied the production of hvpcrergy induced by infected agar 
foci 111 an attempt to reconcile conflicting ideas of the importance of ceitain strains 
of streptococci in the production of rheumatic fcvei Though it cannot be said 
that there exists any similarity between the attempt to produce a proliferative and 
exudative rheumatic lesion and the disease under discussion, there is a point of 
comparison between these experimentally infected foci and the focal infections 
occasionally associated with granulopenia We have also studied the phenomenon 

13 Swift, H F , Derick, C L , and Hitchcock, C H Bacterial Allergy to 
Nonhemolytic Streptococci in Its Relation to Rheumatic Fever, J A M A 90 
906 (March 24) 1928 

14 Arneth, J Die qualitative Blutlchrc, Leipzig, J A Barth, 1920 
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recentlj described bj Shwartzman Ihis imolves the reaction in a pre\iously 
prepared site induced b\ the injections of bacterial filtrates into the skin of a 
rabbit followed bj an intraienoiis injection of the same filtrate t\vent^-four hours 
later The mtradermal amounts are small, trom 0 25 to 0 5 cc , but the intravenous 
doses are large, from 0 5 to 3 cc per kilogram In the prepared area of skin 
the reaction is characterized b^ violent hemorrhagic and necrotic reactions coming 
on from four to five hours after tlie second injection The short incubation period 
distinguishes this from the well known Arthus phenomenon Though these lesions 
contain polj morphonuclear leukocites, the study of the blood during the various 
phases of this reaction was undertaken because of a remote resemblance to clinical 
cases in which necrotic lesions ha\e suddenh appeared in the mouth within a 
short time after dental extractions 

In all these experiments, the blood counts were made on blood from the ear 
leins of the rabbits Though the counts taken m this manner are apt to var> 
considerably, the results of such determinations are satisfactory if thev are made 
under uniform conditions and with suitable precautions Since the results of these 
studies will be reported in detail later, it suffices to give a brief summary of the 
mam points 

EXPERIMENTAL RESULTS 

1 The subcutaneous injections of suspensions of ?11 the oiganisms 
used piodticed a leukocttosis varying in degiee wuth the animal and 
wuth ceitain stiains No long-continued fall in leukocytes was induced 
by ant of the filtrates or by the pioduction of a state of hypererg}’- 
With the exception of the leukopenia following intiavenous injections, 
desciibed later, the Schtvartzinan phenomenon produced no continued 
leukopenia 

2 Intravenous injections of inactivated cultures in bioth, super- 
natant fluids of bioth cultures, Berkefeld filtiates of typhoid cultures 
and, to a lesser extent, the bioth mediums alone produce the following 
phenomenon a shaip fall of the leukocytes to approximately one fouith 
of the original amount wnthin from fifteen to fifty minutes , this affected 
the pol) morphonuclears almost entireN , at times monocytes disappeared 
during the low^est counts 

At the time of the lecoveiy of the leukoexte count which usually 
began from tw'o to torn hours after the injection, stained smeais show^ed 
large propoitions of }Oung foims of neutiophils and pseudo-eosmophils 
In supravital pieparations stained with neutral red, the letuin of the 
granulocytes was ushered m by an influx of motile forms The bone 
mairow^ of a healtlty rabbit appaiently wuthstands this demand on 
granulopoiesis fairh well, in view^ of the obserration that the same 
fall and recovery could be induced three or four times wuth several 
dajs of rest betw^een the periods The bone mariow of the femur w^as 
examined at the end of these observations and contained appioximately 
the usual erythroid-m} eloid ratio 

The effect of intra\enous injections of peptone and like substances 
has been noted for a number of }ears Arneth full}’- discussed this 
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phenomenon in 1920 Kobko\vsk\ cincl Znln/ewski linve moie lecentl) 
desciibed the changes m all the cells of the leukocyte senes dm mg 
peptone shock Bcaid and BeauP‘* have shown that the shaip fall m 
neutiophils initiated h) peptone will also occm with intidvenous injec- 
tions of 1 pel cent and 2 5 pei cent solutions of sodium chloi ide 
Howmei the leukocyte count letmned to noiinal inoie lapidh than 
had been pie\ioiisly noted m exj^eiiments with peptone 

COMMLNl 

In the light of lecent studies made by Sabin and otheis on the 
ph}siology of hone maiiow, we believe that a clcaiu undei standing 
of distmbed gianulocytic function is possible Fiom these studies it 
appeals that gianulopoiesis dii'teis fiom enthiopoiesis m the mannei 
of distiibution of these cells in i elation to the endothelium lining the 
mtei sinusoidal capillaiies of the bone maiiow Wheieas the most 
immatme of the led cells he against the endothelium within the lumen 
of the ^essels the most matuie of the giamiloc}te senes (m\cloc}te C 
metaiu} eloc} te and leukocyte) he outside the lumen, but against the 
capillai} w'all , the metani} eloc} te and the leukoc}te entei the lumen in 
noimal cucumstanccs The mechanism of cell dehvciy involves both 
a vasomotoi and a chemical factoi In addition, theie must be piesent 
the mechanism of matmation Theiefoie, leukocytosis involves both an 
inci eased delneiy of cells and if the necessity continues, the iiici eased 
matmation of myelocytes, hist of the oldei foims, and then of the 
youngei Sabin has consideied two hypothetic factoi s a chemotactic 
factoi , C, and a matui ation factoi , M The same authoi has also dem- 
onstrated an appioximatcly houily ihythm in the niimbei of wdiite cells, 
wnth rises in the afternoon independent of ingestion of food Neutio- 
phils die out 111 showeis, as indicated by coiiesponding increases of non- 
motile cells m supiavital prcpaiations They aic piomptly leplaced, 
either directly from the bone marrow^ oi fiom a leseivoii such as the 
spleen It is probable that on stained smeais, the nonmotile cells coi- 
respond to (1) cells the cell membranes of whieh aie ruptuied, with 
well stained granules neai b} , (2) fiee nuclei with some pooily stained 
gianules in close proximity to the cell, (3) pale cells out of wdiich all 
the gianules seem to have dissolved, leaving a jxale stiuctmeless cjto- 
plasm We have occasionally seen laigc numbeis of this thud g/oup 
of cells in severe septic infections, paiticulaily those associated with 
bacteiemia Motile polymorphonucleai cells in supiavital piepaiations 

15 Koskowsky, W, and Zahr^cwski, A Compt rend Soc dc biol 96 56 
1927 

16 Beard, L A , and Beard, J W Am J Phys 85 169, 1928 

17 Sabin, F R Bull Johns Hopkins Hosp 37.14, 1925, Physical Rev 8 
191, 1928 
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Stained ^^lth neutral red shou active motion uith stieamirig of granules 
and staining of granules and vacuoles The nucleus should not stain 
if the d}e is in coriect pioportion 

So fai as one ma} apply obseivations made on laboiatoiy animals 
and on patients sulfenng fiom benign foims of gianulopenia to the 
more serere fatal foims, it seems possible that the mechanism is similar 
m all Varying degiees of seventy may depend on the duiation or the 
potciic} of the harmful agent and the constitutional make-up of the 
individual Sudden lemoval of oldei leukocytes is followed by attempts 
to replace these b} 3'oungei forms in a more 01 less oideily fashion m 
mild cases In seveie cases theie is appaiently an abeyance of granulo- 
poiesis, 01 there inai^ be disoiderly distiibution with a thiowmg-out of 
still more immature forms In the lattei instances, it would appear 
that the hypothetic chemotactic factor is active while the matuiation 
factoi IS absent Chmcall}' we have seen both of these reactions fol- 
lowing aisphenamme theiapy, m one, there w^as pioduced a gianulo- 
penic pictuie, m the othei, a blood pictuie indistinguishable from 
m\ eloblastic leukemia 

In legard to oui oivn expeimients, we can only state that a long- 
continued gianulopenia could not be induced in health) rabbits by the 
use of a small group of common bacteiia in the foim of suspension, 
filtrates or inactivated supeinatant fluids The assumption of a prob- 
able alteied state of reactivity (fiom an immunologic point of view) 
as a factor m these distiubances was not home out by these results 
This, of couise, does not dispose of the obscuie conditions conveyed 
by the teims idiosynciasy oi constitutional susceptibiht) The positive 
results in the pioduction of shoit periods ot gianulopenia with intra- 
\enous injections of peptone and othei substances folloived by the 
chaiactenstic influx of )Oung forms on recoveiy aie of inteiest mainly 
111 then resemblance to milder foims of granulopenia Although these 
phenomena are based on ivell knoivn observations, their application to 
the granulopenias merits leneived inteiest and further investigation 



HODGKIN’S DISEASE WITH CAVITY FOR- 
MATION IN THE LUNG 

REPORT or A CVSE'’' 
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DENVER 

Almost a cenUii) ago, Hodgkin descnbcd the disease that beais 
his name It has many ^ar}lng clinical and loentgenologic aspects, and 
has been the subject of numeious publications The disease invades 
\aiious oigans and s) stems of the bod}, and is often difficult to diag- 
nose Longcope’- enumeiated the possible confusions, and especially 
sti esses oui liabilit} to fail in difieientiating tubciculosis fiom Hodg- 
kin’s disease If fuithei investigations substantiate the belief of 
L’Espeiance- that the aMan tubeicle bacillus is lesponsible foi liodg- 
km’s disease, the similaiit} and so-called coexistence of the two dis- 
eases in one subject wmII be explained In discussing a senes of 173 
cases, in 85 of wdiich theie weie lesions of the chest, Buinani® stated 
that only 8 piesented pleuial eflusions, but “pictuies simulating tubei- 
culosis w^eie commonei This same difficult} of difteientiating the Uvo 
diseases appears constantl} in lepoits of cases by Longcope,'^ BuinaiTi,‘ 
Whitakei,^ Lemon and Do}le,® Walton,' and otheis 

Oui case is unusual in that roentgenogi ams taken peiiodicall} 
thioughout the peiiod of ti eating the patient showed the foimation 

" Submitted for publication, June 17, 1931 
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(Oct) 1921 

7 Walton, H J Roentgenological Exammation of the Mediastinum, Am J 
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and continuance of a caMt} in the lung In Mew of the difficulty, 
pieMOusl} mentioned of diffeientiating tubeiculosis fiom Hodgkin’s 
disease, this caMt} might leadih have been thought to be one of a 
tubei culous natui e 

Beside biops}, uhich is conclusne in diagnostic \alue, theie is wbat 
Whitaker'^ teimed the “roentgen-ia}’' theiapeutic test”, that is the 
rapid 1 eduction of the glands undei loentgMiotheiapy MacRae ® is 
even more emphatic than Whitakei he said, “the Inpei plastic glands 
of I-Iodgkm’s disease lespond in an almost spectaculai mannei to ladi- 
ation treatment In fact, shi inking undei the influence of x-iays is 
almost pathognomonic ” 

Cases in which tubeiculosis has been known to be a complicating 
disease are lecoided by Schiemer and Mattick,® and Webei T B 
and T K INIenon lepoited a case in vhich the two, tuberculosis and 
Hodgkin’s disease, existed at the same time Oui case might have been 
similar to these, and as suggested before, might have been consideied 
tubeiculosis, except that when the case came to neciops}, tissue taken 
from the lining of the caiity pro\ed to be 1} mphogranulomatous 

A careful leview of the literatuie has failed to reveal anothei case 
analogous to ours, though Weber in Febiuaiy, 1930, leported a case 
w Inch was diagnosed both climcall} and anatomically as bronchial carci- 
noma, and in \\hich he lecorded the roentgenologic finding in the chest 
of ^\hat IS “piobably a cavit) ” The existence of this cavity was not 
substantiated at necrops} It was only aftei the microscopic exami- 
nation of necrops} material that the diagnosis of 1} mphogi anuloma 
nas made, whereas oui patient was lef erred to us for roentgenotherapy 
for Hodgkin’s disease, all the findings Avere substantiated by neciopsy 
The first roentgenogi am showed that the case belonged to type 1 of 
the Wessler and Gieene’^- classification It also confoimed to the 
shadow of Hodgkin’s disease as described b}’^ Childs 

8 klacPae, J D Hodgkins Disease, Radiol Rev & Chicago M Rec 51 
525 (Dec) 1929 

9 Schreiner, B F , and Mattick, W L Results of Radiation Therapj' in 
Leukemia and La mphogranuloma, J Cancer Research 8 504 (Dec ) 1924 

10 Weber, Herbert Lungenlymphogranulome, Beitr z path Anat u z allg 
Path 84 1 (Feb 14) 1930 

11 Menon, T B , and Menon, T K Coexistence of Lymphadenoma and 
Tuberculosis, Brit ^f J 1 1037 (June 8) 1929 

12 Wessler, Ham and Greene, C 1\I Intrathoracic Hodgkin’s Disease Its 
Roentgen Diagnosis, J A !M A 74 445 (Feb 14) 1920 

13 Childs, S B New Growths Within the Chest X-Raj Diagnosis, Am J 
Roentgenol 10 175 (March) 1923 
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REPORT or CASE 

Histo)V—G Ivl , a farmer, ageci 28, wmte, was relened to us by Dr Casper F 
Hegner on March 15, 1924, for roentgenograms of the chest and roentgen treatment 
for Hodgkin’s disease The patient was married, and had one child 4 years old 
He was one of six children, all In mg, his tather and mother were living, and all 
the family vere well except his mother who was undergoing treatment at our 
office for carcinoma of the hp 

The patient had measles, w'hooping cough, tonsillitis, influenza (1918) and 
grip often though not seierelv, and the latest attack occurred four years previouslv 
He smoked a pipe steadih 



Fig 1 — Roentgenogram of the chest made March, 1924, shownng a large mass 
in the upper mediastinum Note the increase m soft tissues of the neck 

Eighteen months before consulting a physician, lie noticed a lump in the left 
anterior cervical glands just above the clavicle, and the wdiole left side of the neck 
swelled Fourteen months later, there was a similar involvement of the glands on 
the right side The patient said that the glands w'ere larger wdien he had a cold 
and that he caught cold easily, and coughed se\creh His normal w'eight w^as 
between 145 and 155 pounds (65 8 and 70 3 Kg) His appetite was poor, and he 
had no digestive disturbance othei than constipation He slept poorly on account 
of difficulty m breathing 

Physical Exaviiiiation — The patient w'as w^ell nourished, w^eighed 141 pounds 
(64 Kg), and w'as 5 feet 8 inches (172 7 cm) in height His pulse w^as 112, and 
the blood pressure 130 systolic and 80 diastolic FIis tongue w^as coated, he had a 
slight shortness of breath, and some hoarseness His neck was greatly enlarged 
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on both sides (Figure 1 shows the increase in soft tissues about the neck ) There 
nere large, diffuse, nonpainful, discrete nodules of different consistenc}' filling the 
neck on both sides from the cla\ icles to the upper plane of the th> roid The larynx 
\\ as nonadherent There a\ ere enlarged glands in both axillae, and small glands in 
each groin 

Examination of the chest showed dulness fused with the base of the heart 
anteriorh , and paraa ertebral dulness to the seventh dorsal spine posteriorly 

Roentgen examination showed a large, irregular, lobulated mass m the upper 
mediastinum All eMdences of mdnidual lymph nodes were obliterated (fig 1) 
Cotiisc — Roentgenotherapy resulted in reduction of cervical, axillary and 
inguinal glands, and relief from symptoms Roentgenograms taken m February, 
1925, ele^en months after beginning treatment, showed great reduction of the mass 
in the upper mediastinum (fig 2) 



F'g 2 — Roentgenogram taken ele\en months later, February, 1925, showing 
great reduction of the mass m the upper mediastinum 

In Januarj, 1926, the process seemed to be Quiescent, in March, the patient 
had acute corjza with a slight cough which became severe The following month 
the mediastinal shadow^ was even narrow^er than m January, but there was a large, 
W'ell defined, homogeneous shadow' at the lulus of the right lung, and a small, similar 
one at the hilus of the left lung (fig 3) At this time, the roentgenograms began to 
resemble those described b\ Messier and Greene as t 3 'pe 4, “discrete nodes at the 
roots of the lungs ” In October, 1926, there w'as considerable reduction of the 
area at the hilus of the right lung, and slight clearing of the one on the left, which 
had been small before (fig 4) This reduction followed periodic roentgenotherapy 
Eleien months later, the patient began to lose w'eight, and reported that he 
had a cough for the preiious month, but no other symptoms At that time, the 
roentgenograms show ed great increase in the invoU ement at the hilus of the right 
lung, infiltration into the right upper lobe, and a moderate sized area in the paren- 






Fig 4 —Roentgenogram taken six months later, October, 1926, showing the 
area at the hilus of the right lung to be considerably reduced and the one at the 
hilus of the left lung to be slightly cleared 




Fig S — Roentgenogram taken eleven months later, September, 1927, showing 
greath increased involvement at the hilus of the right lung, infiltration into the 
right upper lobe, a moderate sized area in the parenchyma of the middle lobe, a 
small area in the parenchyma of the left upper lobe and increased involvement 
about the hilus of the left lung 



Fig 6 — Roentgenogram taken four months later, January, 1928, showing clear- 
ing in the area in the middle lobe, a decrease about the hih, but extension of the 
area in the apex of the right lung 




Fig 7 — Roentgenogram taken one month later, Februar)', 1928, showing an 
apparcntlj beginning cavity iormation in the apex of the right lung and a larger 
area m tlie parenclw iiia opposite the hilus of the right lung 



Fig 8 —Roentgenogram taken one month later, March, 1928, showing a well 
defined cavitv m the apex of the right lung, an increase in the parenchymatous 
area opposite the hiliis of the i ight lung and adhesions to the diapliragm on the 
right 
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dn ma of the middle lobe The left lung showed a small area in the parendiyma 
of the upper lobe, and some increase in the imolvement about the lulus (fig 5) 
\ second course of treatment uas begun at this time, three and one half j^ears 
after the first senes In January, 1928, four months after instituting treatment, 
there was clearing of the area m the middle lobe, some decrease in the involvements 
about the hih, but an extension of the area in the apex of the right lung Other- 
w ISC, the patient’s condition was about the same (fig 6) 



Fig 9 — Photograph of the right lung after necropsy, showing (A) cavity m the 
apex and (X) area taken for microscopic section from the wall of the cavity 

One month later, the left lung was unchanged, but the right lung showed what 
uas apparentlj beginning cavity formation in the apex and a large area of involve- 
ment in the parenchyma opposite the lulus (fig 7) 

The patient was uncomfortable and dissatisfied His cough continued, and in 
March 1928, he was referred to one of the large clinics for diagnosis The report 
from that group was “This is a case of chronic fibroid tuberculosis, especially of 
the right upper lobe, with cavity formation Only slight adenopathy in the neck 
and none elsewhere at the present time” Treatment in a sanatorium was advised 
and it was tliought that the case probablv had been, but no longer w^as, Hodgkin’s 
disease We still maintained that the condition was Hodgkin’s disease and not 
tuberculosis 
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However, conforming with tlie suggestion made at the clinic, the patient was 
admitted to Agnes Memorial Sanatorium, Denver, on March 23, 1928 At that 
time, he was short of breath on slight exertion, fatigued easily, had night sweats. 



Fig 10 — Photomicrograph of section taken from the wall of the cavity showing 
areas of hyaline degeneration surrounded by round or spindle cells in the stroma 
of the fibrous connective tissue 



slept poorly (averaged five to six hours) and did not feel rested in the morning 
He had pain in the chest at tunes He raised one-half cup of purulent sputum 
daily which was negative for tubercle bacilli on March 12 His weight was 132 
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pounds (59 9 Kg), lus pulse rate SO and respirator\ rate 20, and his general condi- 
tion was poor The breath was foul, the tongue was coated the mucous membranes 
and lips IS ere pale the skin and palms were drs^ and the fingers were clubbed and 
csanotic There was no cenical, axillar 3 or inguinal adenopathj^ The thvroid 
was nonpalpablc 

Examination of the chest show’ed diminished resonance over the entire right 
lung, front and back, w ith increased tactile fremitus , harsh bronchial breathing was 
heard oser the entire upper lobe, and increased dulness over the middle lobe, 
extending toward the apex, medium to coarse, moist rales were heard down to the 
fourth rib anteriorlv, before and after coughing, none were brought out poste- 
riorh on coughing There was an amphoric area at the apex indicative of a cavitv 
On the left, there was diminished resonance over the entire lung with increased 
tactile fremitus, a few fine to medium rales w'ere heard dowm to the third rib 
anteriorl}' after coughing, none w'ere heard posteriorly 

In the roentgenograms at this time, the cavity in the apex of the right lung 
was positivelj defined, there was an increase in the size of the area in the 
parenchjma opposite the hilus of the right lung, and there were adhesions to the 
diaphragm on the right The left lung w'as practically the same as m February 
(fig 8) 

Ko tubercle bacilli w'ere observed in the sputum, though there were questionable 
acid-fast, clubbed rods in one specimen Two guinea-pigs inoculated subcutaneously 
showed no pathologic lesion after three months Except for a few hj^alme casts, 
the urine was normal 

The medical director of the sanatorium did not concur m the diagnosis of tuber- 
culosis made prior to admission The patient died of pulmonary hemorrhage on 
June 5, 1928 Necropsy w^as performed by Dr Philip Hillkowitz, the next day 

Postmot tem E\amination — The left lung was crepitant throughout, and there 
was a nodule in the upper lobe measuring 2 cm in diameter The right lung w^as 
adherent at the apex There w'as a nodule in the upper lobe measuring 5 cm and 
also a cavity 2 cm below the apex which measured approximately 6 cm in 
diameter It was free from exudate, the lining w’as nodular and covered by a 
smooth membrane There w'as a firm, grajnsh nodule 5 cm in diameter in the 
middle lobe The tracheobronchial lymph nodes were enlarged, firm, and of 
graiisli color (fig 9) There were no enlarged mesenteric nodes The spleen 
show'ed slight enlargement, but there were no noteworthy changes in the liver or 
kidnej s 

Sections taken through one of the nodules and from the wall of the cavity, 
when studied microscopicallj^, re\ealed areas of hj aline degeneration surrounded 
bj round or spindle cells in a stroma of fibrous connective tissue (fig 10) There 
were mam large, round, deeph stained cells show'ing several nuclei These w^ere 
apparent!} identical with the Sternberg or Dorotln Reed cells (fig 11) 

The anatomic diagnosis was h mphogranulomatosis of the lung with cavit} 
formation 

COMMENT 

Ihe case presented is one of 1) mphogrannloma of tlie mediastinal 
ttpe which in its latei stages close!} lesembled ttibeictilosis It w^as 
exceptional in that it det eloped a tiue caiitt in the lung wdneh also 
prored to be 1} mphogrannlomatous when the case came to neciopsy 
W e hat e been vinable to find a similai case i epoi ted in the literature 

2-10 Metropolitan Building 
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The pin pose of this communication is to piesent obseivations that 
should be helpful m the diagnosis of hemangiectatic h)pei trophy The 
teim “hemangiectatic hypeitiophy of a hinli” denotes a condition of 
h} pel ti ophy associated with inci eased vasculai ity of the affected exti em- 
ity This congenital oi developmental iiici eased vasculai ity may be due 
to dilatation of both the aiteiies and the veins, the teim “congenital oi 
developmental phlebai tenectasis” then being applied Ceitam ciisoid 
aneuiysms and plexifoim hemangiomas of the scalp and face aie prob- 
abl}’’ of this natuie When tlie dilatation of the vessels is confined 
almost entiiely to the veins, the teim phlebectasis is applied It should 
be noted that in phlebai tei lectasis abnoimal diiect aiteiy to vein anas- 
tomoses aie not necessaiily piesent, and that this condition is therefoie 
to be diff ei entiated fiom the moie common tiaiimatic oi congenital 
aiteiiovenous aneurysms 

Fourteen cases of hemangiectatic Inpeitiophy lecoided up to 1918 
weie siimmaii/ed b)'^ F Paikes Webei ^ The lepoits of cases available 
foi study will not be leviewed heie, but lefeiences to these lepoits aie 
given - 
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REPORT or CASE 

Histoiy—N B , a schoolgirl, 15 jears of age, was admitted to the hospital for 
stud\ on Feb 16, 1931 When she was 2 years old, the left hand was observed 
to be noticeably armer than the right, and the \ eins of the leit hand were unduly 
prominent There uas no historj of trauma As the patient grew older, the left 
hand and arm became larger and longer than the right Six years before admis- 
sion an operation was performed at another hospital m an attempt to correct the 
condition The antecubital fossa was incised, but no abnormal artery to vein 
communications were found The patient has felt entirely well She states that 
the left hand and the lower part of the left arm feel w^armer than the right and 
tend to perspire more readilj' 

E'iaimnalwn — Phjsical examination show'ed a bright, intelligent girl with nc 
abnormalities sa\e those related to the left arm and the vascular system The heart 
w'as normal m size and position The heart sounds were of good quality, and a 
soft s^stollC murmur w'as heard everywhere over the precordial area, particularly 
at the apex Retrosternal dulness was normal in extent In the left supra- 
claMCular region coarse systolic and diastolic thrills were palpable, and systolic 
and diastolic murmurs could be heard These signs were not transmitted into the 
lelt carotid arterj but were easily elicited oaer the vessels of the left arm and 
lorcarm A sj stolic thrill could be felt on grasping the left upper extremity firmly 
at am le^el betw^een the apex of the axilla and the tips of the fingers No evidence 
of abnormalities of intracranial blood vessels w'as present Ophthalmoscopic exami- 
nation of the fundi showed normal findings 

Capillar} pulsation w'as visible in the fingers of both hands and over the fore- 
head after it w'as stroked These pulsations did not disappear after the left sub- 
cla\ lan artery w'as compressed to the point of occlusion 

The patient was right-handed, but the left arm was obviously larger and longer 
than the right At the medial border of the left antecubital fossa, there was an old, 
irregular scar measuring 7 cm b} 2 cm in the greatest diameters Beginning a 
short distance above the left elbow and increasing gradually in intensity down the 
arm, duskv cyanosis was evident (fig 1) The finger-nails and finger-tips of all 
the fingers of the left hand show'ed a more reddish cyanosis The fingers of the 
leit hand were longer and more slender than those of the right hand Se\eral 
small, red, irregular, cutaneous angiomas, varying from 0 5 to 2 5 cm in diameter 
W'ere present over the left forearm and lower third of the left arm, particularly on 
the extensor surface The color of these angiomas varied considerably in intensity 
on different occasions The left brachial, radial and ulnar arteries were dilated 
and forcibl} pulsating Pulsation of the anterior interosseous artery w'as easily felt 
m the low er part of the left forearm The veins of the left forearm and particularly 
those of the hand w'ere abnormally dilated and prominent The engorgement of 
what Mrtuall} amounted to a venous plexus o\er the fingers, hand and lower part 
of the forearm became conspicuous when the hand was placed in a dependent posi- 
tion With the left arm 6 5 cm below the level of the right auricle, definite systolic 
pulsations were iisible in the A'ems over the back of the left hand 

Heat, cold, touch, pain and pressure perception w'ere normal There was no 
astereognosis 

The red and w'hite blood cell counts w'ere w ithm the limits of normal Repeated 
urinal} ses reiealed no abnormalities The Wassermann, Kahn and Hinton reac- 
tions of the blood of the patient and of the patient’s mother w'ere negative 

Special Studies — Electrocardiographic tracings w'ere normal Roentgenograms 
of the chest showed no abnormalities The cardiac measurements from teleroent- 
genograms w ere as follow s from midsternum to right border of heart, 3 4 cm , 



\ 
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Fig 1 — Ilcmangicctatic hjpcrtrophv and congenital phlcbaitei icctasis ol the 
lelt arm, showing the h}'pertroph^ , cyanosis and cutaneous angiomas of the left 
loicarm and hand and the prominent \eins o\ci the liand and lower part ot the 
lorcarm 





Fig 3 — Roentgenogram of the liands, showing the increased length of the 
metacarpal bones and phalanges of the left hand 










T\bie l—Lwcm Mcasuiimmls of Bones of Lppo Extiemitics 


Bono 

Right, Cm 

Left, Cm 

Difference, per Cent 

IIiuneru= 

312 

34 0 

0 


25 i 

28 4 

12 

R^dlus 

23 9 

20 S 

12 

Motatari)uIh 




Ihumb 

■1C 

5 0 

9 

Index 

CO 

71 

S 

Middle 

Cl 

6 G 

8 

Rine 

5 4 

5 9 

9 

Bittle 

53 

0 7 

S 

Proximnl phalanges 




Thumb 

30 

3 0 

0 

Index 

4 G 

50 

s 

Middle 

43 

5 0 

le 

Ring 

4 1 

4 S 

17 

Little 

32 

3 t 

IG 

Middle phalanges 




Index 

25 

2 7 

8 

Middle 

20 

3 4 

IG 

Ring 

27 

3 1 

15 

Little 

1 9 

2 2 

10 

Terminal phalanges 




Thumb 

23 

2 2 

—4 

Index 

1 S 

IS 

0 

Middle 

1 S 

19 

0 

Ring 

20 

21 

5 

LittU 

1 7 

1 7 

0 


Table 2 — Sutfacc Mcasni etnenfs of Lppei Exfi enufies 


Lengths 

Right, 

Cm 

Left, 

Cm 

Difference, 
per Cent 

Tip of acromion process to sttloid process of radius 

52 2 

57 0 

9 

Tip of icromion process to external condyle of humerus 

29 8 

so 5 

2 

Olecranon process of ulna to stjloid process of ulna 

25 4 

28 3 

11 

Staloid process of radius to tip of middle finger 

Base of proximal phalanx to tip of finger 

IS 8 

19 5 

4 

1 humb 

61 

62 

2 

Index 

9 7 

10 5 

8 

Middle 

10 5 

11 6 

11 

Ring 

101 

11 1 

10 

Little 

Circumferences 

80 

85 

6 

Arm at upper border of axilla 

27 5 

28 4 

3 

Vrm, middle 

22 9 

24 6 

7 

■arm aboie condvles of humerus 

21 0 

23 2 

10 

Borearm, below elbon 

22 0 

23 8 

8 

Forearm midportion 

19 4 

20 0 

3 

Forearm, aboie head of ulna 

15 2 

15 2 

0 

Hand at metacarpal phalangeal joint 

Fingers 

18 4 

18 8 

2 

Thumb, terminal phalanx, midportion 

5 5 

52 

— 5 

Index, middle phalanx, midportion 

51 

49 

— 4 

Middle, middle phalanx, midportion 

5 1 

46 

—10 

Ring, middle phalanx, midportion 

4 8 

4 4 

— 8 

Little, middle phalanx, midportion 

30 

38 

— 3 


T \BLF 3 — Siiifacc Aicas of Uppa 

Exti cmtiies 


Right, Sq Cm Left, Sq Cm 

Vrm and forearm 1,032 1,174 

Il'ind 3S4 ’407 

Difference, per Cent 
14 

0 

Total upper cxtrcmita 1,410 

1,581 

12 
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ironi midsteriiuni to left border of heart, 7 4 cm , total transverse diameter, 10 8 cm , 
transverse diameter of great vessels, 4 5 cm , transverse diameter of chest, 
23 9 cm Similar measurements from a teleroentgenogram taken during digital 
occlusion of the left subclavian artery showed no change 

Fluoroscopic observation of the heart shadow showed no perceptible changes in 
the cardiac e'.cursion before and during digital occlusion of the left subclavian 
arterj’- 

Tablf 4 — Mcasiu cmcnts of Cubic Volumes of Both Uppci E\ii emitics 


Increase 


Part of Extrcmitj Measured 

Right, 

Cc 

Left, 

Cc 

Cc 

1 

Per Cent 

Arm 

1,565 

1,020 


3 

Eoreann 

750 

933 

1S3 

24 

Hand 

2S5 

313 

00 

21 


Iable S — Mcastii cmciits of SLni Tcmpciatnic^ 


Site ol Measiircmont 

Angle of jai\ 

In^ncln^ icular fossa 

Arm 

0\er bead of humerus 
Midportion, evtensor surface 
Midportion, fles.or surface 
rorearm 

Midportion, c\tcnsor surface 
Midportion, fle\or surface 
Wrist 

Extensor surface 
Plexor surface 
Hand 

Dorsal surf ice 
Palmar surface 
Tliumb 

Proximal phalanx, dorsal surface 
Proximal phalanx, palmar surface 
Second phalanx of Angers, dorsal surface 
Index 
Middle 
King 
Little 

Second phalanx of Angers, piilniai surface 
Index 
Middle 
Ring 
Little 

Tips of Augers 
Thumb 
Index 
Middle 
Ring 
Little 


Right, 

Left, 

DifTerencc, 

Degrees 

Degrees 

Degrees 

Centigrade 

Centigrade 

Centigrade 

31 2 

31 1 

0 9 

31 4 

31 1 

00 

31 4 

31 8 

04 

31 1 

31 7 

00 

31 7 

32 5 

OS 

31 3 

31 7 

04 

321 

o3 0 

00 

31 3 

33 1 

1 S 

32 3 

33 2 

00 

32 0 

7 

1 7 

32 3 

33 4 

1 1 

32 2 

32 3 

01 

32 3 

32 1 

—02 

32 3 

331 

OS 

o2 4 

33 5 

11 

32 2 

'33 0 

1 4 

32 3 

33 3 

10 

31 4 

33 4 

20 

!1 S 

33 9 

2 1 

ol G 

33 5 

1 0 

31 2 

33 7 

2 5 

32 0 

32 0 

—00 

,2 7 

32 4 

—0 o 

32 7 

13 0 

0 i 

32 0 

83 3 

07 

32 0 

32 7 

01 


* The measurements given are those actualL recorded at room temperature of 23 0 and 
are not corrected to the standard temperature of 20 O 


Roentgenographic films of both upper extremities showed that the bones of 
the right arm were normal, while those of the left arm and hand were definitely 
longer (figs 2 and 3) Measurements of the bones of both upper extremities are 
recorded in table 1 Surface measurements of both arms are given in table 2 The 
surface area of the right upper extremity, calculated according to the formula of 
Du Bois,'! was 1,416 sq cm , of the left upper extremity, 1,581 sq cm The surface 
areas of the arms and hands are presented in table 3 The cubic volume of each 
arm, measured by water displacement, is given in table 4 

3 Du Bois, E F Basal Metabolism in Health and Disease, Philadelphia, 
Lea & Febiger, 1924 
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1 he temperature of the skin of the left upper extremity, particularlj- of the lower 
part of the forearm and hand, was perceptibly higher than that over corresponding 
areas of the right arm A resume of the measurements that were made with a 
thermocouple is gnen in table 5 

Xumerous measurements of the arterial blood pressure were made independently 
b} two obsen ers The blood pressure in the right brachial artery, taken by means 
of a standard mercury manometer, averaged 114 mm of mercury systolic and 
64 mm of mercury diastolic , that in the left brachial artery, 128 mm of mercury 
s 3 stohc and 54 mm of mercury diastolic Digital occlusion of the left subclavian 
•'rterj caused a rise, on the average, of 10 mm of mercury in the right brachial 
diastolic blood pressure, the systolic blood pressure remained unchanged Com- 
pression of the right subclavian artery caused no change in the left brachial blood 
pressure The femoral arterial blood pressures of the right and left legs were 
equal, the arerage of numerous readings was 112 mm of mercury systolic and 
66 mm of mercury diastolic The differential pressure sign of Hill and 
Rowlands ^ was not elicited Digital compression of the left subclavian artery 


Table 6 — Mcasiu cineiit^ of Captllaiy and Atteiiolat Blood Piessincs 


Capillary Pressure 

A 

Arteriolar Pressure 

A 

Right, Left, 

Bight, Left, 


Site of Measurement 

Mm Hg 

Mm Hg 

Mm Hg 

Mm Hg 

Ann, upper portion 

10 

10 

45 

43 

I orearm, lover portion 

Sternum 

9 

11 

-v ^ 

11 

55 

k 

CO 

— Y ' 

4S 


caused a rise in the femoral diastolic blood pressure of 12 to 18 mm of mercury 
The blood pressure readings of the leg were made by means of a special cuff, 
20 cm in width 

Measurements of the capillary and arteriolar blood pressure ^ were made accord- 
ing to the method used by Lewis and Hajmal ® and by Ellis and Weiss,^ all measure- 
ments being made with the closed capsule A summary of the measurements is 
presented in table 6 Each figure represents the average of maiii^ observation': 
made independently bj two observers There is no significant difference between 
the measurements made on the two arms The results are normal and do not 
indicate diminution in the peripheral resistance of the cutaneous vessels 


4 Hill, L, and Rowlands, R A Systolic Blood Pressure (1) In Change 
of Posture, (2) In Cases of Aortic Regurgitation, Heart 3 219, 1912 

5 Be capillary pressure is meant the pressure necessary to cause minimal dis- 
tinct blanching of the skin by compression of subpapillary venules (Blumgart, 
H L , Lawrence, J S, and Ernstene, A C The Dynamics of the Circulation 
in Coarctation [Stenosis of the Isthmus] of the Aorta of the Adult Type, Arch 
Int Med 47 811 [Maj] 1931) 

6 Lewis, T , and Hajmal, I Observations Relating to the Tone of the 
Minute Vessels of the Human Skin, with Remarks upon and Illustrations of 
[Measurements of Pressure Within These Vessels, Heart 14 177, 1928 

7 Elhs, L B , and Weiss, S The Measurement of Capillary Pressure Under 
Natural Conditions and After Arteriolar Dilatation in Normal Subjects and in 
Patients with Arterial Hypertension and with Arteriosclerosis, J Chn Investiga- 
tion 8 47, 1929 
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The venous pressures in the right and left antecubital veins were measured 
according to the direct venipuncture method of Moritz and Tabora ® The corrected 
results of several measurements of the venous pressure in the right arm averaged 
10 2 cm of water , m the left arm, 23 8 cm of water 

The bradycardiac reaction was tested The ventricular rate under resting 
conditions averaged 84 beats per minute Digital compression of the left sub- 
clavian artery was followed by immediate lowering of the ventricular rate to 
approximately 68 beats per minute The time interval between compression of 
the vessel and the onset of slowing in rate was measured by sudden application 
of pressure to the upper part of the left arm by means of a large pressure bottle 
while a continuous electrocardiographic tracing was taken These observations 
were repeated on several occasions The decrease in ventricular rate occurred 



Fig 4 — Electrocardiographic tracing illustrating the bradycardiac reaction 
produced by sudden application of pressure to the upper part of the left arm The 
pressure was applied at (A) and discontinued at {B) Slowing of the ventricular 
rate is evident in the first cardiac cycle following the application of pressure A 
secondary slight quickening in rate occurs after the first 10 beats The R-R inter- 
vals are indicated in seconds 


as early as 0 09 seconds after the application of pressure In practically all 
instances, the slowing was evident in the first cycle following the application of 
pressure (fig 4) The lowering m ventricular rate was most pronounced immedi- 
ately after pressure into the armlet, a secondary slight quickening m rate frequently 
occurring after the first ten or twelve beats No change in the contour of the 
complexes was observed 


8 Moritz, F , and Tabora, D Ueber eine Methode beim Menschen den 
Druck in oberflachlichen V enen exakt zu bestimmen, Deutsches Arch f klin Med 
98 475, 1910 
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Die loUinic or the blood and of the plasma were measured by the bnllnnt vital 
red d\e method used bj lhompson» The results are presented in table 7, and 
are within the limits of normal 

Duplicate measurements w'cre made of the ovjgen content and capacity of 
blood trom the right radial arterr, right antecubital vein, left radial artery and left 
antecubital \ein The Van SKke-Neill manometnc apparatus was used The 
results are presented m table 8 

Measurements of the velocity of blood flow w^ere made by means of the radio- 
actuc method After the radioactive substance was injected into the antecubital 
■\em, the time nccessarj for the substance to traverse the veins to the right auricle, 
as well as the time necessar 3 for the substance to pass through the pu]monary 


Table 7 — Mcasni cutculs of Blood and Plasma Volume 



A\crage Normal 

Obseri od 


Values, Cc 

Values, Cc 

lolal plasma volume 

3,550 

2,JS2 

Total blood r olumc 

G,035 

4,140 

Plasma i olume per kilopnm 

50 

4t 

Blood 1 olume per kilogram 

So 

72 


Table 8 — Blood Gas Mcasni ements 



Oxygen 

Content 

Oxygen 

Capacity 

Percentage 

Saturation 

Artcriov enous 
Oxj gen Diflerence 

Source of Blood 

Radial irtcrj 
\ntccubital rem 

Right, Left, Right, Left, Right, Left, Right, Left, 

percent per Cent per Cent per Cent per Cent per Cent per Cent per Cent 
by bi by by ba by by by 

Volume Volume Volume Volume Volume t olume Volume Volume 

17 3 17 1 18 0 18 1 DC 95 

14 3 17 1 17 7 18 2 Si 94 3 0 0 

Table 9 — Mcasni ements of Velocity of Blood Floiu 

Site of Injection 

Right antecubital lein 

Lift antecubital i ein 


4rm to 

Heart Time, 
Seconds 

75 

1 5 

Pulmonary 
Circulation Time, 
Seconds 

90 

85 


circulation, was measured A summarj’^ of the measurements is presented m 
table 9 The pulse rate at the time of the measurements w^as 75 , it was not 

9 Thompson, \V O Studies in Blood A^olume I The Blood Volume in 
khxedema with a Comparison of Plasma Volume Changes in Myxedema and 
Cardiac Edema, T Clin Investigation 2 477, 1926 

10 Blumgart, H L , and Yens, O C Studies on the Velocitv of Blood Flow 
I The Method Utilired, J Clin Investigation 4 1, 1927 Blumgart, H L, and 
V'eiss S Studies on the Velocitv of Blood Flow II The ADocity of Blood 
Flow in Normal Resting Indniduals, and a Critique of the Alethod Used, ibid 
4 15. 1927 

11 Blumgart H L and AVeiss, S Studies on the Velocm of Blood Flow 
VII The Pulmonare Circulation Time in Normal Resting Individuals, J Clm 
Iincstigation 4 399, 1927 
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significantly altered In the procedure The venous pressure in the right arm at the 
time of the injection into the vein of that arm was equivalent to 11 5 cm of water , 
the ^enous pressure in the left arm at the time of the injection into the vein of that 
limb was 23 6 cm 

The volume flow of blood per minute through the lungs (cardiac volume output 
per minute) w^as measured by the acetlj^ene method of Grollman both before and 
during occlusion of tbe vessels of the left arm A summaij'^ of the measurements 
IS presented in table 10 The flow' before occlusion w'as 2 7 liters per minute , during 
occlusion, 2 9 liters per minute The absence of any change may w'ell ha^ e been due 
to the inapplicability of this hpe of method m the presence of free arteriovenous 
communication , the abnormally rapid return of blood from the left arm, as 
show'll b\ the \elocity of studies of blood flow', probably introduces an appreciable 
error The measurements made w'hile the left brachial arterj w'as occluded may 
be regarded w’lth greater confidence They are practically w'lthin the limits of 
normal as obsened bv Grollman 

The tourniquet test was made as follows With the patient in the supine posi- 
tion and the arm held upright to facilitate venous return, the blood supply to each 
arm w'as suddenlj interrupted bv means of a pneumatic cuff When the arm w'as 


Table 10 — Mcasiti emails oj Caidwc Volume Ouipnt pci iMinuIr 





Arteriovenous 

Cardiac Minute Volume Outnut 



Ow ten 

Oxjgen 

f 




Consumption, 

DilTerence, 


Per Sf|uan Meter 



Cc per 

Ct per Liter 

Total, 

of Bodv biirfiice. 



Minute 

of Blood 

Liters 

Liters 

tv ithout occlusion 

of ar 





tcrics of left arm 


1S7 

70 

27 

J 7 

With occlusion of 

arteries 





of left arm 


IS" 

CG 

20 

IS 


low'cred to the hori/ontal position and the pressure then released, a flush appeared 
in the skin of the extremity after a short interval Repeated obser\ations show'ed 
that the time of appearance of the flush W'as identical in the two arms, the average 
being 2 8 seconds after release of the pressure in the left arm and 2 9 seconds in 
the right arm Ihese results are in accord with the measurements of arteriolar and 
capillary blood pressure, and indicate that the peripheral resistance in the cutaneous 
^essels of the tw'o arms is equal and normal 

COMMCKT 

Detailed study of uncommon disease states is impoitant paiticulaily 
for two reasons 1 The laiity of a condition and consequent lack of 
adequate mfoimation may lead to faulty diagnosis and tieatment 

12 Grollman, A Determination of Cardiac Output of Man by Use of 
Acetylene, Am J Ph 3 'siol 88 432, 1929 

13 Blumgart, H L , and Weiss, S Studies on the Velocity of Blood Flow' 
X The Relation Between the Velocity of Blood Flow', the Venous Pressure and 
the Vital Capacity of the Lungs in Fiftv Patients w'lth Cardiovascular Disease 
Compared w'lth Similar Measurements in Fifty Normal Persons, J Clin Investiga- 
tion 5 379, 1928 

14 Grollman, A Physiological Variations in the Cardiac Output of kfan 
VI The Value of the Cardiac Output of the Normal Individual in the Basal 
Resting Condition, Am J Phvsiol 90 210, 1929 
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2 Pathologic abnormalities frequently piovide an opportunit) to study 
m isolated form certain mechanisms that mciease our undeistanding of 
common conditions The study of heniangiectatic hypertiophy reported 
hcie exemplifies both of these points Lack of appieciation of the 
meaning of some of the clinical signs had led to fiuitless smgical mter- 
\ention at a point remote from the actual site of the lesion, the piesent 
detailed study of the peiipheial blood flow has led to a fullei undei- 
standing of ceitam vasculai phenomena that occur moie commonly in 
othei disease states 

The geneial manifestations of abnormally free artei lovenous com- 
munication obseived m our patient may be consideied conveniently 
under the following six headings 

1 Alto ml Blood Piessine — ^Taking the j^ressuie in the light 
biachial artei} as an index of the geneial arterial pi assure, the s}Stolic 
piessuie of 114 mm of mercuiy may be consideied normal, the dias- 
tolic piessuie of 64 mm of meicur}' was somewhat below normal 
Lo\\eiing of the diastolic piessure is frequently more pionounced in 
cases of direct aiteiiovenous anastomosis with laige fistulas, and is due 
to leakage of blood thiough the abnoimal opening during diastole 
The eflect in our patient of the abnoimal leakage of blood from 
aitenes to veins on the general diastolic aiteiial piessure is shown by 
the fact that closing the left subclavian aiteiy repeatedly caused a use 
m the right biachial diastolic pressure, the aveiage mciease being 10 mm 
of meicury The increase observed in femoral diastolic blood piessuie 
when the left subclavian aitery was occluded is of similai significance 
Compression of the light subclavian artei y, on the other hand, did not 
affect the left biachial diastolic blood pressuie 

In the left brachial artei y the systolic blood pressuie averaged 
14 mm of mercury higher, and the diastolic blood piessure, 6 mm of 
meicury lower than in the right brachial aitery Both the elevated 
S}stolic pressure and the loweied diastolic pressure in the left arm were 
a diiect expiession of the local anatomic conditions The loweimg of 
the diastolic blood pressure in the left arm below that of the rest of the 
bod} was due to the proximity of the leakage of blood fiom aiteiy to 
rein At first glance, the relatively high left brachial systolic blood 
piessure appeals stiange, if the artei lovenous communications w'^ere 
pioximal to the brachial aiteiy, the abnormal leakage should cause a 
loweiing m pressure, while if the abnormal communications weie distal 
to the brachial artery, the blood pressure might not be affected The 
localh elerated systolic blood pressure m the left aim may be explained, 
how'ever, by the follownng consideiations The arterial piessure is 
highest in the larger trunks, such as the aoita, and undergoes diminu- 
tion 111 the smaller \essels according to the lesistance offered by their 
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deciease in caliber William Hunter, in 1762, and other observeis"*’ 
since that tune noted that aiteries proximal to artei lovenous communi- 
cations are dilated and theiefore offer less ffictional lesistance The 
systolic pressuie in a dilated peripheral artei }’• consequently approxi- 
mates more nearly the piessuie existing in the laiger central trunks 
In our patient the left brachial arter} was obviously dilated and the 
left subclavian artery piobably had undergone a similar change, since 
its pulsation prominently encroached on the left supi aclavicular fossa 
The locally elevated s3'stohc blood piessuie in the left biachial artery is 
thus accounted for 

2 Biadycaidiac Reaction — Obliteration of abnormal arterlo^ enous 
communications or occlusion of the principal artei les leading to such com- 
munications causes a slowing of the heait late, the degiee of slowing 
IS related to the amount of blood passing tin ough such openings This 
phenomenon, as pointed out by Dean Lewis vas fiist desciibed by 
Nicoladoni in 1875 and by Isiael in 1877 In our patient, digital com- 
pression of the left subclavian aitery or application of piessuie about 
the upper part of the left arm produced an abrupt fall in the heart 
rate the average decrease being 16 beats per minute A slight secon- 
dary increase in ventiicular rate uas noted during maintenance of the 
compiession The extraordinarily brief interval between aiterial occlu- 
sion and the biadjcaidiac reaction is in accord with evidence that the 
reaction is mediated through a leflex nerve mechanism Lewis and 
Drury,-° and Nanu, Alexandrescu-Dersca and Lazeanu v ere able to 
abolish the bradycardiac reaction by atropinization 

3 Elevation in Venous Piessuie — In our subject, the venous 
pressure in the affected arm was greatly elevated, while the general 
venous pressuie of the bod), as gaged by the pressure m the light 

15 Hunter, W Further Obser\ations upon a Particular Species of Aneurj'sm, 
Med Ohs Soc Phjs 2 390, 1762 

16 Reid, AI R The Effect of ArterlO^ enous Fistula upon the Heart and 
Blood-Vessels An Experimental and Clinical Study, Bull Johns Hopkins Hosp 
31 43, 1920 Callander, C L Study of Arterio-Venous Fistula with an Analysis 
of 447 Cases, Johns Hopkins Hosp Rep 19 259, 1920 

17 Lewis (footnote 2, third reference) 

18 Nicoladoni Phlebarteriektasie der oberen Extremitat, Arch f klin Chir 
18 252, 1875 

19 Israel, J Angiektasie im Strombegiete der Arteria tibialis anterior. Arch 
f klin Chir 21 109, 1877 

20 Lewis, T , and Drur}", A N Observations Relating to Arterio-Venous 
Aneurism I Circulatory Manifestations in Clinical Cases with Particular Refer- 
ence to the Arterial Phenomena of Aortic Regurgitation, Heart 10 301, 1923 

21 Nanu, I , Alexandrescu-Dersca, C, and Lazeanu, E Les troubles car- 
diaques consecutifs aux anevnsmes arteno-^ eineux, Arch d mal du coeur 15 829 
1922 



MO 


ARCHH ES OF INTERNAL MEDICINE 


antcciibital Aein, \\a.s Mithin the upper limits of normal Local eleva- 
tion of the venous piessme in the vicinit) of abnoimal ai tenovenoiis 
anastomosis ^^as obsened b} Le^\ls and Diuiy, -- they also noted that 
the geneial venous piessure of the body was within the limits of noimal 
In the absence of evidence of venous obstruction m the left aim of oui 
patient and in the absence of myocardial insufficiency, one must assume 
that the increased piessuie in the veins of the left aim Avas due to a 
leal<age of arteiial piessuie through the abnormal aiteiy to A^em com- 
munication The elevated venous pressure m the left aim did not affect 
the general venous pressuie in the rest of the body , repeated obsen^ations 
before and again duiing compiession of the left subclavian aitei} 
shoAved no A^aiiation m the A^enotis pressuie readings of the right arm 

4 Tluills Olid Munniiis in Pcnphcial Vessels — Systolic and dias- 
tolic murmurs and thiills Avere evident over the subcla\aan and biachial 
vessels These signs are eAidence of abnoimal arteiiovenous communi- 
cations The pathologic physiology of these signs and their sig- 
nificance in the diagnosis of the exact site and natuie of the abnormal 
ai teriovenous communication will be discussed 

5 Systolic Venous Pulsafioii — ^^^^lth the hand of the left aim 6 5 
cm beloAV the level of the right auricle, systolic pulsation of the veins 
of the back of the hand Avere plainly visible This finding was mtei- 
pieted as additional CAudence of free arteriovenous communication 

6 Blood Gas Measni einents — ^The oxygen content of blood from 
the antecubital A’’em of the right arm AA^as 3 per cent by Amlume 
less than that of blood from the right radial artery This difteience 
m oxygen content is within the limits of noimal Theie Avas no 
significant difference in the oxygen content of the blood fiom the 
left radial arter)^ and that fiom the left antecubital vein (table 8) 
The arterial nature of the venous blood of the left aim indicates a 
conspicuously increased rate of flow through capillary A’^essels or a 
fioAV of blood fiom arteiy to vein which is relatively direct so that 
little opportiimt} is afforded foi the gnung-off of ox 3 ’’gen At least 
a significant part of the abnoimal Aoav from artery to A’^ein AA^as prob- 
ably tiansported through dilated capillaries, foi otheiwise it is difficult 
to understand such phenomena as the inci eased giOAvth of the affected 
parts 

We are unable to state the exact degiee of mciease in blood floAV 
through the left upper extreimt} The relatn^ely moderate use in 
general diastolic blood pressure of the body folloAAing occlusion of the 
abnormall} dilated A^essels, the absence of any change in the cardiac 
outlines after obliteration of the arteiial leakage and the absence of 


22 Lewis and Drurj (footnote 20, cases 1 and 2) 

23 Callander (footnote 16, reference 2) 



BL UMGART-ERNSTENE—PHLEBARl ERIECTASIS 


611 


caidiac hjpeitiophy indicate, howevei, that the amount of blood 
shunted thiough the dilated channels, while consideiable, did not add 
gieatl} to the total blood flow of the body 

Diagnosis of Site and Adeline of the Ai fenovenons Communica- 
tion — The phenomena desciibed in the foiegoing paiagiaphs aie the 
lesult of abnoiinall) fiee communication between the arteiial and 
venous S} stems The> do not denote whethei the aitery and vein 
communicate by dii ect anastomosis oi by intermediate vasculai plexuses 
The mechanism of pioduction of the mtiimuis and tin ills in the peiiph- 
eial vessels and the diiection of tiansnnssion of these signs differ 
so videl} fiom similai phenomena obseived moie commonly in caidio- 
vasculai disease that detailed stud) is necessary foi accurate localization 
of the site of the lesion In point of fact, the piesence of thrills and 
muimms in the biachial and subclavian vessels of om patient had led 
to a mistaken diagnosis of aiteiiovenous aneuiysm and fiuitless sui- 
gical mteivention \\*e weie inclined to make the same diagnosis 
aftei oui fiist supei ficial examination but hesitated because of ceitain 
phenomena that weie not in accoid with this view of the condition 
These phenomena weie as follows 

1 Diiection of venous blood flow By stiipping small segments of 
leins on the back of the left hand of then blood content and then 
leleasing the distal poition, the veins weie obseived to fill immediately 
When this pioceduie was repeated, but with lelease of the pioximal 
poitioiis fiist, filling took place veiy slowly This observation indicated 
that the flow of venous blood was natuial in its diiection If a diiect 
aiteiy to vein anastomosis had been piesent in the subclavian oi biachial 
vessels, the flow of blood might have been leveised in some of the 
veins, 01 at least letiogiade filling might have occuried Such letio- 
giade filling did in fact occui, but only when the aim was suspended 
at the side with the back of the hand 42 cm below the level of the 
light amide This finding was inteipieted as due to incompetency of 
the valves of the veins, the situation iindei such ciicumstances being 
similai to that in vaiicose veins of the legs 

2 Effect of aiteiial occlusion on venous pulsation and engoigement 
Compiession of the left subclavian oi of the left biachial aiteiy caused 
disappeaiance of the pulsation and diminution in the engoigement of 
the veins of the back of the left hand Compiession of the ladial and 
ulnar aiteiies singly was without this effect, but simultaneous com- 
piession of both vessels was immediately followed by the disappeaiance 
of the pulsation of the veins and by the lessening of then engoige- 
ment These observations suggested that the aiteiiovenous communi- 
cation was at 01 distal to the site of the ladial and ulnai aiteiy 
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coinpiession If the communication had been proximal to this level, 
compression should ha^e inci eased the arteiial leakage and led to moie 
piominent renous pulsation and increased venous filling 

This tentative localization of the ai teriovenous communications vas 
next tested more critically A needle communicating vnth a manom- 
eter filled vith a solution of sodium citiate was mseited into the 
left antecubital vein The lenous pressuie at this time was equivalent 
to 21 cm of watei With the needle fieely communicating with the 
lumen oi the antecubital vein, pressuie above aiteiial systolic was 
applied ovei the lowei ends of the left radius and ulna The venous 
piessuie immediately deci eased to 15 2 cm When the piessuie at 
the wrist vas leleased, the venous pressure immediately lose to 20 3 cm 
These measuiements demonstrated that the mam communications 
between artei} and vein were in laige pait at or distal to the lower 
ends of the ladius and ulna 

3 Effect of aiterial occlusion on general diastolic blood piessure 
\ use m geneial diastolic blood pressuie on compi ession of the aiteiies 
in the left aim mav likewise be regaided as an indication that the 
ahnoimal leakage of blood occtiis at or distal to the point of com- 
pi ession This phenomenon may consequently be utilized as a test 
foi localizing the site of the lesion Artery compression distal to the 
site of the ahnoimal aiteiy to vein communication would be either 
■without effect, or, by favoimg the leakage of blood into the veins would 
cause, instead of a rise, a fuither lowering in geneial diastolic blood 
piessure The effect on the general arterial blood pressuie as gaged 
by measuiements of the right biachial systolic and diastolic piessuies 
uas obseived, accoidingly, after compi ession of the vessels at the mid- 
poition of the left arm and forearm A definite use in the diastolic 
pressuie vas umfoimly elicited A similar inciease was pioduced by 
compression at the lower ends of the radius and ulna by means of a 
pneumatic cuff The use m diastolic blood pressure aftei compres- 
sion at the mid-aim, mid-foreaim and lowei ends of the ladius and 
ulna vas as gieat as that pioduced by digital occlusion of the left sub- 
claMan aitery Since the magnitude of the rise in diastolic pressure is 
closel} related to the amount of deciease in arterial blood leakage, 
these observations suggest that the piincipal abnormal artery to vein 
communications m our subiect weie at or below the level of the wrist 

4 Biad 3 caidiac leaction The lowering of the ventriculai rate 
caused iw compression of the left subclavian aiteiy was due to cessa- 
tion of the abnormal leakage of arterial blood into the veins The 
sloiMiig m the ventriculai rate on the compression of an artei y signifies 
that the abnormal arteriovenous communication lies in the segment of 
arter^ compressed or m its peripheral continuations Accordingly, sue- 
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cessive nieasui ements of the ventiiculai rate weie made after obhteia- 
tion of the vessels at the middle uppei pait of the aim and at the 
middle poition of the foreaim means of a pneumatic cufi Repeated 
obseivations unifoiml} showed a fall of fiom 13 to 20 beats pei 
minute in the ventiiculai late Simultaneous digital compiession of 
the ladial and ulnar aiteiies just above the wiist show^ed a similai 
loweiing of the heait rate, again indicating that the pimcipal abnoimal 
anastomoses w^eie eithei at oi distal to the wnist 

5 Site of gieatest inciease in blood flow Measiii ements of the actual 

volume of blood flow m lanous poitions of the arm aie not piacticable 
One would expect how^ever, that the greatest degiee of hypertiophy 
and the greatest mciease m skin tempeiatuie would occui in those 
legions wheie blood flow w^as most conspicuous!} inci eased Linear 

measui ements of the bones (table 1) and volume measui ements of the 
hands, foieaims and aims (table 4) show^ed the gieatest changes evi- 
dent in the left hand and left forearm These measui ements do not 
disclose wdiethei the predominant changes in the foieaim occui in its 
upper 01 low'ei poitions It is significant, how’^e\ei, that the measui e- 
ments of skin tempeiatuie (table 5) which allow of moie accuiate 
localization, show'ed the gieatest inciease ovei the left hand and the low^er 
part of the left foreaim, and that the only bones that showed abnoi- 
mal eiosions w^ere the middle phalanx of the left middle finger and 
the proximal phalanges of the left middle and img fingeis These 
giooves w'ere piobabl) due to piessuie atrophy caused by vigorous 
pulsation of abnoimallv dilated vessels this phenomenon is similar 
to the eiosion of ribs obseived in patients with coaictation of the aoita 
Although the af oi ementioned consideiations indicate that the piincipal 
abnoimal arteiy to vein leakage occui red at the wrist and in the hand, 
the lesion was piobably not shaipl} demarcated but may have involved, 
to some extent, the middle and uppei paits of the foieaim Evidence 
of the lattei w^as suggested by the presence of cutaneous angiomas 
over these regions 

6 Observations on the arteiial muimuis and tin ills The systolic 
murmui and tin ill over the left subclavian aitery and ovei the left 
brachial artery w^eie leadily understandable on the basis of abnoimal 
communications in the metacaipus and caipus Duioziez’ sign and 

24 Ernstene, A C, and Robins, S A The Roentgenoglogic Diagnosis of 
Stenosis of the Descending Arch (Coarctation) of the Aorta, Am J Roentgenol 
25 243, 1931 

25 Railsback, O C, and Dock, W Erosion of the Ribs Due to Stenosis of 
the Isthmus (Coarctation) of the Aorta, Radiology 12 58, 1929 Blumgart, H L , 
Lawrence, J S , and Ernstene, A C The Dynamics of the Circulation in Coarcta- 
tion (Stenosis of the Isthmus) of the Aorta of the Adult Type Relation to Essen- 
tial Hypertension, Arch Int Med 47 806 (May) 1931 
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the chabtohe thrill over these vessels weie not so readily explicable 
Occuinng frequently in aortic reguigitation, Duroziez’ sign is coin- 
nionh attiibuted to a letiogiade flow of blood during diastole A dias- 
tolic leflux of blood in oui patient could be hypothecated only if the 
abiioinial aiteiiovenous comniunication were cential to the site wlieic 
the diastolic murmur and thrill Avere elicited If the abnormal com- 
munication weie thus centially situated, compression of the brachial 
oi ladial and ulnai aiteiies would favoi diastolic bacicwaid flow ot 
blood toward the site of leakage, and would intensify the diastolic 
murinui and thrill Howevei, when the brachial artery was occluded 
by digital compression -while a second obseivei applied a stethoscope 
ovei the subclarian vessels, the diastolic and systolic muimurs and 
tin ills OA^er the lattei vessels completely disappeared Digital com- 
pression of the radial aitery alone oi of the ulnar artery alone conspicu- 
ously diminished the muimurs and thiills, but these signs did not 
disappear until both A^essels Aveie occluded simultaneously Application 
ot pressure OAi-ei the loAvei ends of the ladius and ulna by means of the 
blood pressuie cuft likeAAise effected the disappeai ance of the murmuis 
and thrills over the subclavian and brachial vessels 

The degree of compiession necessaiy to cause disappearance of 
Duioziez’ sign Avas tested by applying the blood pressuie cuff to the 
middle of the foreaim and placing the stethoscope over the brachial 
aitei} in the antecubital space As the pressure Avithin the cuff Avas 
laised, conspicuous diminution of Duroziez’ sign occurred at 52 mm of 
meicui} , complete disappearance occurred at 58 mm of meicury 

e AAeie theiefoie foiced to the someAvhat sui prising conclusion 
that both the s)fstolic and diastolic murmurs and the thrills over the 
subclavian brachial, radial and ulnar vessels Avere due to abnormally 
increased forAA^ard blood floAv not only during systole but also duimg 
diastole, and that the increased blood floAv occuired mainly because of 
abnoimally dilated communications betAveen the aiteries and the A’^ems 
about the Avrist and the hand 

The pathologic ph)siology of Duioziez’ sign has been studied m a 
A^aiiet) of conditions, and its importance in diff ei entiating aortic reguigi- 
tation fiom other conditions AAuth similar peiipheral phenomena aviU be 
the subject of a communication in the near futuie 

SUMMARY AKD CONCLUSIONS 

1 A case of hemiangiectatic hypeitiophy and congenital phlebar- 
teiiectasis has been studied clinically As a result of the obserA’-ations 
made cnteiia foi the diagnosis of the condition haA^e been established 

2 The left arm A\as conspicuously laiger than the light, the blood 
floAv through the left uppei extremity Avas considerabl) increased, but 
the Aolume output of blood pei minute fiom the heait and the A'^elocitA 
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of blood flow through the lungs were noxmal The velocit} of blood 
flow in the left arm w as far greater than that in the right arm 

3 The so-called diagnostic signs of ai teriOA enous aneurism are not 
diagnostic of arte^o^enous aneurxsm but are lather to be regarded as 
siens of free arterio\ enous communication the exact nature and site 
of the communication must be determined by further stud} 

4 The following signs ma} be regarded as manifestations of fiee 
arter\ to vein communication , the\ do not denote w hether the arter} 
and ^em communicate b} direct anastomosis or b} intei mediate rascular 
plexuses (a) increase in pulse piessure in the affected part due to 
ele^atlon m the s}Stohc and reduction m the diastolic blood piessure 
(Z?) lowering of the general diastolic arterial piessure of the bod} (c) 
increase in ^enous pressuie in the affected reins and their tributaries 
without the general renous pressure of the body necessanh being 
affected (d) capillar} pulsation (e) raised \ enti icular rate , (f) normal 
or increased outjnit of blood from the heart (g) normal or increased 
size of the heart (//) abnormalh high ox}gen content of the renous 
blood of the affected part (/) eleration in the tempeiatuie of the skin 
of the region m which the abnormal communication is situated and 
(;) thrills ana murmurs orer the site of the abnormal communication 
and over the arteiies leading to the lesion 

5 If after an arteri is occluded the rentncular rate slows the general 
diastolic blood pressure of the bod} rises, a lessening of \enous 
engorgement of the affected part occurs and the penpheial murmurs 
and thrills disappear the abnormal arter} to ^em leakage lies in the 
segment of aiten compressed or in its penpheial continuation 

6 The signs of multiple free communications characteristic of 
hemangiectatic h}pertroph} and congenital phlebai teriectasis that dis- 
tinguish this condition fiom the direct anastomosis of ai tenor enous 
aneur}sm are as follows 

(a) There are usual!} several or numerous dilated arteries leading 
to the site of phlebartenectasis , there is geneialh but one dilated arterial 
trunk leading to an arterior enous aneur}sm 

(b) S}stoIic renous pulsations are tiansmitted aw a} from the 
peripher} in congenital phlebartenectasis the} are tiansmitted toward 
the periphery as w ell as central!} m artenor enous aneui r sm 

(c) Increased growth of the legion in which the abnormal communi- 
cations are situated farors the diagnosis of phlebartenectasis rather 
than arteno\ enous aneurysm 
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Ndtuial histonans have apNajs insisted that it is impossible to think 
of a living cieatnie apait from its enviionment Indeed, the two aie 
so mtimatel}^ joined that it is no easy task to decide, for example, at 
uhdt stage oxygen from the suirotinding air fuses as oxyhemoglobin 
with the structure of the oiganism, oi when ingested caibohydiate 
becomes vitalized in the energj pioductions of muscle Consequent!}, 
the imestigation of a human being’s constitution must mclu^ all the 
gioss and subtle details of his enviionment — it becomes in efeett a study 
of the “man-enviionment unit” The pioblem would perhaiskhe easiei 
It the palpable universe comprised man’s only envelop But 'because 
of his imaginative faculty, his phantasy life, anothei rast impondeiable 
}et entiiely personal univeise supplies an equally complex and poignant 
enviionment to which he must likewise make adjustment To the 
piessure of the ph} steal woild he lesponds m geneial with consciously 
diiected muscles Such muscles aie chiefly concerned with the life of 
gross 01 spatial relation to environment The other variety of muscle, 
nonstiiated and not undei conscious control, caiiies out the vital 
processes supporting the life of inner existence and procreation But 
this t}pe of contractile tissue is strongly influenced by emotions Yet 
it IS not necessary that the emotions be perceived in consciousness to be 
eflectne in modifying the function of organs equipped with smooth 
muscle Ordinal ily, if the organism is in good emotional equilibrium, 
the body machinery moves easily at its work, quite automatically and 
unnoticed bj the individual But if there is a disturbance, no matter 
how minute, of the balance between the human animal and either of its 
tno unneises, signs of that disturbance are immediately apparent Con- 
sequent!} , we may accept the thesis that disease is simply the expression 
of maladjustment between oiganism and suiioundings, an oveithiow 
of the delicate structuie termed the “man-environment unit ” 

Gastro-enterology, dealing with the stomach and intestines, is con- 
cerned with Mtal apparatus winch is perhaps more than any other 
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physiologic system exposed to blows fiom both pondeiable and 
impondeiable worlds Physical, chemical and theimal onslaughts altei- 
nate with the rapid fiie of emotions, such as fear, angei, jealousy and 
sexual confusions Yet no two stomachs and no two intestinal tiacts 
react similaily to any of these menaces This is because the gastio- 
mtestmal tiact is not the man , the whole man is the digestive mechanism, 
and as the whole man lesponds to the piessuie of the whole enviion- 
ment, so will any of his paits respond — foi each cell and system within 
him IS stamped indelibly with his special maik This special maik has 
been called the peisonahty It was foi this leason, doubtless, that we 
found the peptic ulcei i ace so well adapted to otii studies in constitution 
The methods to which lefeience will be made and the desciiptions, 
Intel pi etations and conclusions aie applicable in piinciple to the subjects 
of any illness Howevei, they aie, in this communication, based on 
obseivations of what we have called the peptic ulcei lace We aie 
awaie that the use of the teini lace, with such a connotation, is unac- 
ceptable to some clitics of the woik But if, in this connection, the 
woid is depiived of its ethnological significance, it is at least etjmologi- 
cally and by deiivation permissible 

While in oui previous studies the plan of lecoiding obseivations 
was earned out on the foui panels of peisonahty, anatomy, physiology, 
psychology and immunity, we have found it simplei foi oui piesent 
pill pose to discuss the material iiiidei tliiee headings, namely, genetic, 
anthropomoipliic and anthi opopsychic 

GENETIC STUDIES 

The genetic studies have not been made piimaiily to display a disease 
tendency, but lathei to uncovei tiends m the constitution of the family, 
just as they have been studied m the individual With the emeigence 
of the total personality as an essential factoi m the causation of disease, 
it becomes mcieasmgly necessaiy to obseive the elements tiom which it 
aiises The physician cannot gain complete undei standing of his patient 
if the moie impoitant aspects of the lattei’s heiedity aie omitted fiom 
the study Often, also, the patient thiows much light on his own psycho- 
logic patterns and conflicts as he discusses the membeis of his family, 
then traits and habits, then adjustment to envnonment and his lela- 
tionship with them 

The heieditaiy influences play the basic role in the final deteimination 
of the man, his moiphology, his psychology, his stiengths and his weak- 
nesses in all the systems of the body But these inheient values aie 
stiongly conditioned by his surroundings The finished individual, the 
phenotype, is theiefoie the up-to-the-moment lesultant of the mteiplay 
between inherited qualities and the modifying influences from the world 
about him For example, it might be imagined that four brothers of 
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the same frateinit} have the same geneial inheiited weakness of the 
gastro-mtestmal tract In numbei one, there is also a psychic instability, 
and the neivous response to slight stimuli ma} aftect the MSceial neivoiis 
srstem so ad^ersel} that he eail) finds himself incapacitated b} tilcei of 
the stomach Numbei two has a moie stable nenous system and }et 
IS subiected to the vicissitudes of life so foicibl) that the deleteiious 
effect is felt in the gastio-intestinal tract, though peihaps not so seveiely 
as in number one Numbei thiee may ha^e a poor nertous make-up, 
}ct at the same time his adjustment to the enviionment may be so good 
that the weakness remains undisclosed Numbei foui ma} hare both 
a good nen’ous system and enviionmental adaptation and like number 
three, ma} lemain veil 

The genetic studies have embiaced the following points lacial 
extraction, moiphologic t}pes, disease histoi}, sex chstiibution and 
pS}chologic make-up Such a giaphic description of the famil} bungs 
into much cleaier relief the chaiacteiistics of the patient In the disease 
and ps}chologic pattern the patient is often liable to project his own 
stmptoms on the vaiious members of the family, hence the necessity of 
interriewing other membeis besides the patient Histones of thiit}-two 
tilcei families and thirt}-two gallbladder families have been used foi 
this stud} To draw conclusions fiom so small a series is obviotisl} 
tinxMse Yet the close approximation of oui findings in lespect to disease 
fiequenc} and other studies of gieatei numbers gives confidence m the 
rahdity of the geneial tiends displa}ed m the “family histor} ” Natui- 
alh disease or ei lappings are frequently found, and no family piesents 
a homogeneous pattern However, rvhen these trvo gioups of families 
aie placed side b} side the difterences stand out quite as clearly as do 
the diffeiences in the individual patients of the trvo gioups 

Sc\ Disf] ibutiou — The ulcer families are lepiesented by 26 male 
patients and 6 female patients, and the gallbladdei families by 5 male 
patients and 27 female patients No sex selection was made in taking 
the histones, so long as the patient rras able to give intelligent coopeia- 
tion In the members of the ulcer patient’s immediate fiateinit}, a sex 
distribution m the ratio of 138 males to 100 females is found, rvhile the 
gallbladder families present quite the opposite pictuie of 100 males to 
130 females There is, then, a tendency foi the ulcei families to pioduce 
a prepondeiance of males and the gallbladder families a piepondeiance 
of females 

Moiplwlogy — In general teims a desciiption of the habitus of 
mcnibeis of the famih rvas elicited The teims slender, medium, stock} 
and stout rrere emplo}ed The ulcei families lepoited 75 pei cent of the 
brothel‘s and sisteis of the patient as slender or medium build rrhile the 
gallbladder families repoited 54 pei cent of the immediate members of 
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the patient’s fraternity as stocky or stout Seventy per cent of the 
fathers of patients with ulcers were described as medium or slender 
build, and only 30 per cent as stocky oi stout Of the fathers of patients 
with gallbladder disease, 55 per cent were described as slender or medium 
and 45 per cent as stocl<y or stout The mothers of patients with ulcers, 
were leported as 55 per cent thin and 45 per cent stout, while just the 
opposite picture was found among the mothers of patients with gall- 
bladder diseases, with 55 per cent stocky and 45 per cent thin The 
findings show that the slender and the medium build are in the majority 
in the ulcer families and the stocky oi stout in the majority in the gall- 
bladder families 

Disease Incidence — Peptic ulcer was found in 6 families, indefinite 
stomach trouble occurred in 13 additional families and cancer of the gas- 
trointestinal tiact in another family, a total of 20, oi 62 per cent 
with a heredofamilial weakness of the gastro-intestinal tract Ruhmann ’ 
found 48 per cent of 50 families with a similar hereditary history, 
Aschner ^ found 65 3 per cent and Spiegle ® found 61 per cent Aschner 
reported that 15 per cent of the families of healthy persons gave such 
a history, Spiegle reported 15 5 per cent Assuming that there is 
a hereditary influence, the tendency is in the form of a pathologic 
inferionty of the gastro-intestinal tract 

Ruhmann^ pointed out that definite ulcer is moie fiequent among 
the sibs and descendants of the patient, and indefinite stomach tiouble 
IS commoner among the ascendents The question arises as to the pos- 
sibility that this fact may be due to more refined diagnosis nowadays 
and the closer familiarity of the patient with his own and the succeed- 
ing generation Aschnei - concluded from her studies of 120 ulcei 
families that the gene for stomach inferionty is a recessive, but is not 
sex-lmked She found that in cases in which both parents were affected, 
50 per cent of the offspring were also affected If one parent is sick 
and the other has a sick heredity, 25 pei cent of the offspring are 
affected If both paients are well but show a sick heiedity, 10 pei 
cent of the offspring are affected The small numbei of families com- 
prising our series hardly permits of such an analysis After working 
over a long period with patients with ulcei, we have found it hard to 
conceive that a specific gene weakness is responsible for so complicated 
a disturbance of the vegetative nervous system as that which results 

1 Ruhmann, W Der Ulcuskranke Studien zur Konstitution und Syjnp- 
fomatik am gesamten Status bei chronischen Ulcus pepticum mit besonderer 
Berucksichtigung des vegetativen Nervensystems, Berlin, S Karger, 1926 

2 Aschner, B Ueber Konstitution und Vererbung bei Ulcus ventnculi und 
duodeni, Ztschr £ d ges Anat 9 6, 1923 

3 Spiegle, E Deutsches Arch f klin Med 126 45, 1918 
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in lesions of the gastro-intestinal tiact Noi can we accept the condi- 
tion as a recessive inendehan phenomenon in view of the variability of 
the external influences that may deteimine its expression 

Among the immediate members of the patient’s fiatermty, our 
studies show that 3 5 males to 1 female express gastro-intestinal weak- 
ness, exclusive of the patient The mothers show the condition twice 
as often as do the fatheis Seven families gave a history of such 
weakness among the maternal collaterals and only one among the 
paternal collaterals In this connection it should be stated that the 
maternal line is frequently better known to the patient than the paternal 
line In all except one case the relatives with gastric symptoms were 
described as of slender or medium build The gallbladder families 
show that m the members of the patient’s fraternity, exclusive of the 
patient, indefinite digestive disturbances are three times more fiequent 
m females than males The condition occurs with about equal fre- 
quency m the paternal and maternal lines 

Tuberculosis was found in twelve ulcer families, or 37 per cent 
Ruhmann ^ reported a 30 per cent incidence in his fifty families The 
condition occurred twice as frequently m males as in females Pneu- 
monia was reported in 50 per cent of the ulcei families, and again 
this condition was found to be twice as frequent in males as in females- 
When it is recalled that the ulcer families are represented by twenty- 
six males and six females, the preponderance of male susceptibility to 
diseases within the zone of the pneumogastnc nerve in these families 
is interesting 

Asthma occuried in eight, or 25 per cent, of both the ulcei and 
the gallbladder families Diabetes occurred in only two ulcer families, 
as compaied to seven gallbladder families Gallstones were leported in 
two ulcer families, a mother was the subject in each case This gives 
a gallstone incidence of 6 per cent as compared to 8 pei cent found 
b-\ Ruhmann The gallbladder families reported eleven cases, or 34 
pel cent of gallstone No cases of goiter were reported among the 
ulcer families, while the gallbladder families reported four cases 
Arthritis was found in one ulcer family and in three gallbladder 
families 

Psychologic Make-Up — The study of the psychologic make-up of 
the families offers many difficulties To extract from a patient a pic- 
ture of the colorless personality of a brothei, for example, is often 
an almost impossible task Yet something may be gamed from direct 
questioning about his schooling, occupation, stabiht}'^ in work, marriage, 
hobbies, interests and his reaction to any specific situation with which 
he would be likely to come in contact To present this phase of the 
stud} statistical!} is obviously impossible Howevei , a perusal of sev- 
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eral selected histones will doubtless go far to show how strongly 
peisonality patterns aie iinpnnted in the family 

Schematic patterns of the families of the patients in the four cases 
in which analytic histones are given in this paper will be presented 
They will be found in the anthropopsychic chapter together with the 
case histones The charts display the mam outlines of personality 
which are most typical and most often found in the ulcei families Also, 
the disease display and moiphologic aspects of the family members aie 
noted 

Summary — The genetic studies may be sumniaiized as follows 

1 There is a tendency for the ulcer families to pioduce a pie- 
ponderance of males and the gallbladder families a preponderance of 
females 

2 Patients with ulcei s are of families m which the long thin type 
predominates as contrasted to the gallbladder families m which the 
short thick type is m the majority 

3 Theie is definite evidence in the ulcer families of a heredofamilial 
weakness of the gastro-intestmal tiact, 62 per cent of the families 
leportmg such a histoiy 

4 Gastro-intestmal weakness is three and one-half times more fie- 
quent among males than among females m these families, and almost 
without exception it is found m thin people Males of these families 
are also much less lesistant to other diseases in the zone of the pneumo- 
gastric nerve (tuberculosis and pneumonia) than aie females 

5 Diseases of a catabolic natuie occui more frequently in ulcei 
families, and anabolic disease moie fiequently m gallbladder families 

ANTHROPOMORPHIC STUDIES 

The hteiatuie on peptic ulcer is filled with references and descrip- 
tions of the body build of such sufiereis Theie is general agreement 
that they belong to the so-called asthenic type But, at this point, we 
must take exception to the use of the terms sthenic and asthenic, 
originally mtioduced by Stillei to describe certain inadequate human 
beings Sthenic, from the Greek means strength, and when used 

of man oi animal connotes an enei gy pioducer The term sthenic has, 
of late, been loosely used to signify the short thick-set type originally 
desciibed by Hippocrates, just as its opposite, asthenic, is now applied 
to the long, thin variety Now, so fai as intensity and, indeed, dura- 
tion of energy pioduction are concerned, long slendei people often 
surpass the thick-set It is consequently misleading to designate mor- 

4 Stiller, B Die asthenische Konstitutionskrankheit, Stuttgart, Ferdinand 
Enke, 1907 
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phology b} a woul that indicates plnsiologic quality Howevei, the 
term asthenic m tins instance has been linked with the slender individual 
whose pondeial index (that is, the height- w^eight latio) is consistenth 
low' Aschner,- in a most compiehensive study of the subject, con- 
cluded that there is no t}pical ulcei habitus Oui observations do not 
support this finding , indeed they clear ly envisage not only a physical 
and psychic t}pe subject to this disease, but one so well defined that it 
is possible, almost wnthout error, to determine from the individual’s 
constitution wdiethei the location of the ulcer is gastric or duodenal 
The differences wnll be discussed later Also in disagreement with 
Aschnei, both Tscheinmg'^ and Ruhmann expressed the belief that 
patients with ulcers are found chiefly m the ranks of the linear types, 
with certain admixtures of the lateral According to our observations, 
derived by both anthiopometiy and anthi oposcojiv from 125 cases, 
the peptic ulcer race is definitely composed of the linear, rather than 
the lateral, type of person How'ever, wdnle they are slender and even 
111 good health, presenting a consistently low' ponder al index, they cannot 
pioperly be called asthenic On the contrary, unless seriously depleted 
b) the disease, they display an astounding amount of swiftly liberated, 
and often sustained, nervous force This produces in many of them 
that quality of quick physical elasticity which bespeaks a high eiieig} 
potential Such an impression naturally gams vividness and color from 
the state of psychic or emotional tension This aspect of the total 
personality w'lll be dealt with latei 

The facial design of members of the ulcer race is not so difteient 
tiom that of the general run of humanity as to make at first a striking 
impression Yet when one has become familiar with its detailed char- 
acteristics, It IS not difficult to recognize In general, this face is 
broader in its upper half and tends to taper, rather sharply, to a small 
pointed chin The ejes are separated by an inter pupillary distance of 
fiom 60 to 62 mm, which is the average for the general population 
But the relation between the interpupillary space and the facial diameter 
is the most satisfactory from the standpoint of appearance of all the 
disease groups The eyes are neither too close together nor too far 
apart The palpebral fissure is consistently wide, often enough to show' 
the sclera above the ins This character is especially interesting in 
view of other evidences of tension of the vegetative nervous system, 
w'hich W'lll be referred to subsequently It doubtless accounts for the 
alert, w'atchful expression, w'hich conve 3 's a suggestion of continual 
apprehension mixed with defiance, common to the ulcer type when 
the person is m good health But when the gastric symptoms are 

5 Tscherning', R Ueber die somatische und psychische Konstitution bei 
Ulcus \entnculi, Arch f Verdauungskr 31 351, 1923 
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severe and the whole organism is reduced from the effects of indigestion 
and scant diet, then the wide eye slit produces the characteristic expres- 
sion of exhaustion and despair with which every one is familiar The 
defiant note has gone 



Fig 1 — Lateral and front view of the upper jaw A, ulcer, labial version of 
incisors and curving occlusion , B, gallbladder , vertical or lingual version Straight 
occlusion (From Draper, G , Dunn, H L, and Seegal, D Studies m Human 
Constitution, J A M A 82 431 [Feb 9] 1924 ) 



Fig 2 — Palate view of the upper jaw A, ulcer, pointed incisor arch, deep 
palate, forward slanting incisors , B, gallbladder , flat incisor arch, shallow palate, 
vertical insertion of incisors (From Draper, Dunn and Seegal ) 


Although the lowei part of the face in geneial tends to be smaller 
than the upper, it presents significant details of structure in both the 
upper and the lower jaw The dental ridge (figs 1 and 2) usually 
forms a U-shaped oval, and the vertical cross-section of the hard palate 
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shows an arch of similar design The incisoi teeth extend m slight 
labial version from the anterioi alveolar margin From this, the palatal 
arch sw^eeps up and back m a low slanting curve to the deepest part of 
the vault almost at the posteiior edge of the bone The teeth them- 
selves are usually of clear peaily quaht)^ The lateral incisors are 
definitely narrow'er than the cential, the biting edge is sharp, and the 
profile curve of the bite line is weaving, with low points at the molars 
and incisors In the lowei jaw^ (fig 3), the gonial angle (formed by 
the intersection of the posterior bordei of the ascending and the lower 
bordei of the horizontal lami) aveiages 124 degiees, which falls well 
wnthin the range for the geneial population (from 118 to 127 degrees) 
Clearly, then, this charactei is not significant in respect of the general 
population But it gains immediate intei disease gioup significance when 
compaied wuth the 115 degree angle of the gallbladder people, and the 



Fig 3 — Diagram of the jaw' types from the gallbladder (A) and the gastric 
ulcer (B) race (Reproduced by courtesy of the Williams & Wilkins Company, 
Baltimore ) 


130 degree angle of the people with acute rheumatism The following 
tabulation show^s some of the more important interdisease differences 



Peptic 

Ulcer 

Gallbladder 

Range for 
General 


Mean 

Mean 

Population 

Ponderal index 

32 2 

440 

33 41 

Gonial angle 

122 5° 

115 0° 

118-127° 

Subcostal angle 

44 5° 

62 0° 

35-60° 

Anterior index upper jaw 

54 0 

58 0 


Anterior posterior chest diameter 

200 0 

222 0 

190-220 

Anterior posterior diameter/chest length index 

58 8 

66 8 

58-66 

Lateral incisor/central incisor index 

75 0 

89 0 

78-94 

Hand index 

45 8 

472 

44-48 
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Fiom the standpoint of anthropometry, the significant features of 
the trunk and extremities are the somewhat low anterior posteiior 
diameter-chest length index, nariow subcostal angle, relatively short 
arms and eunuchoidal trunk-extremity ratio The hands are slender 
and long fingered, and the nails are nariow, long and laterally curved, 
and in the gastric group often display well marked lunulae At this 
point it may be well to say that the duodenal cases present in general 
the same morphology, but almost every detail is slightly heavier oi 
coaiser The trunk is thicker set, the subcostal angle is not so con- 
sistently narrow, and the extremities are less lanky and eunuchoidal 









--iT ^ 




Fig 4 — A, face view of a man with a duodenal ulcer B, face view of a man 
with a gastric ulcer 


The hands are not so gracile, and the nails are flatter and squaier and 
show smaller or absent lunulae The pilous system is usually not very 
strongly developed in either group Though, in the males, the hair 
distribution follows generally the so-called masculine distribution, light- 
ness of growth and occasional absences occur in zones that are charac- 
teristically bare in the female The facial hair is almost always vigorous 
and abundant, especially in the gastric group But in addition to the 
suggestion conveyed through the body hair, the body form displays 
numerous other subtle indications of this emphasis of the female com- 
ponent in the androgynous mosaic of these patients Among these 
may be mentioned slightly sloping shoulders, more marked m the duo- 
denal group, short arms and fulness over the trochantei region and 
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above the gluteal masses and the curve of the outer margin of the leg 
below the knee (figs 4 and 5) 

There are a few instances in which both peptic ulcer and chole- 
lithiasis occur in the same person St John ® reported 13 m a series 



Fig 5 — A, back mcw of a man with a duodenal ulcer B, back view of a man 
with a gastric ulcer 


of 490 peptic ulcers Of these 13, the ulcer was duodenal m 11 cases, 
p}loric in 1 and gastric in 1 instance The 1 case in our series con- 
formed morphologicall}' to the othei members of the uncomplicated 
duodenal group 


6 St John, F B Unpublished report 
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ANTHROPOPSYCHIC STUDIES 

In oul previous studies ‘ of the psychologic panel, the chief emphasis 
■seemed to fall on the exaggeiated fear sense m the peptic ulcer lace 
The motor and psychomotoi activity was found to be unusually high, 
and the patients were pi one to swift and intense excitability Then 
capacity for long-sustained effoit is not great, they aie of those whose 
intense activity is intermittent, because they are easily fatigued Still 
the} lecover then eneigy promptly after short rest periods and the 
fiequent ingestion of food The direction of then mteiest and atten- 
tion is generally outward, classic extroverts, who engage busily with 
the passing show Beneath an outward manner of assuiance, ready to 
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Fig 6 — Psychologic panels 


seize any opportunity which offers, theie is a latent timidity This 
may be one cause at least for their tendency to overpreciseness in all 
they do and to be suspicious of people and situations They are easily 
suggestible In their relation to the opposite sex, the males are bold 
and eager and display an exaggerated heterosexual interest Conversely, 
they show signs of antagonism toward their own sex The females, on 
the other hand, have definitely diminished interest in erotic experience 
All the orderly, more logical qualities, such as planning capacity and 
executive and mathematical ability, are not naturally .highly developed 
in these mercurial people Often, howevei, by a poweiful compensatory 
effort they succeed in schooling themselves m executive work (figs 6 
and?) 

7 Draper, G, and McGraw, R Studies in Human Constitution V The 
Psychological Panel, Am J M Sc 174 299, 1927 
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In oui oiiginal inteipietation of the total personality of the peptic 
ulcei individual, we concluded that both on morphologic and on psycho- 
logic grounds maleness was the essential feature Apparently this 
thesis Mas fuither suppoited by the statistics of sex incidence of the 
disease It is true that some observers leport more female cases than 
male, and that today in Germany peptic ulcer is believed to be more 
frequent in females than in males However, more recent publications 
undoubtedly give precedence to men Thus, St John® reported in a 
series of 281 duodenal ulcers a sex latio of 9 males to 2 females, 
among 87 pyloiic ulcers, 5 males to 3 females and among 104 gastric 
ulcers, 3 males to 2 females A further reference to this descending 
ratio will be made later 
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Fig 7 — Psychologic panels 


Recently, however, while reading Crile’s ® paper on the subject of 
recurrent hyperthyroidism and recurrent peptic ulcer, certain questions 
arose concerning the validity of the male disease thesis which we have 
heretofore held In that communication Crile pointed out that 60 per 
cent of patients with hyperthyroidism have digestive disturbances 
He further called attention to the similarity of evidence of vegetative 
nervous system disturbance found both in patients with exophthalmic 
goiter and m those with peptic ulcer Among these patients, for 
example, rvere wuiening of the palpebral fissure, fatigue, decrease of 
tissue and body fluid pn, siveating palms and the subjective feelings 

8 Cnle, G W Recurrent Hyperthyroidism, Recurrent Peptic Ulcer, Proc 
Inter-State Post-Grad M Assemb , North America, October, 1929, p 355 
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of nervousness He was able to show that when myxedema was pro- 
duced, the acidity diminished In five cases of peptic ulcer which had 
resisted medical and surgical treatment, he further demonstrated by 
resection of the left suprarenal gland and part of the thyroid, that the 
acidity could be reduced to normal In addition to these observations 
of Crile, It is commonly known that exophthalmic goiter and hyper- 
thyroidism are from six to eight times more frequent in women than 
in men Similar suggestions are found in Simnitsky’s work on the 
sympathetic nervous system In view of these considerations, conse- 
quently, It would appeal paradoxical that more men than women should 
be affected with ulcei The only explanation for this paradox seemed 
to be m the fact of femaleness within the male 

This disclosure led us to reexamine the literature and our own case 
histones and observations We soon began to see the evidences of 
emphasis on the feminine character of body build which have been 
referred to, and further to discover m the psychologic structure similar 
but more maiked and important characteis The violent impetuous 
behavior that we had viewed objectively and supposed to be the demon- 
stration of virility, on deeper psj^chologic investigation, turned out to 
be of quite a different nature In the earlier literature on this subject 
of peptic ulcer, theie are indications that a highly sensitive, feminine 
quality of temperament was recognized by certain observers Thus, 
Gilles de la Tourette not only gathered statistics whicli showed in one 
series a ratio of 2 males to 1 female and in another series 1 male to 
4 females, but in addition pointed out that there was a strong hysterical 
trend in the patients with ulcer and emphasized as a possible cause of 
ulcer the well known vasomotor and trophic disturbances of hysteria 
Charcot likewise suggested that the “crise noir” or vomiting of blood 
might sometimes be hysterical In referring to this point nearly fifty 
years later, von Bergmann declared that an ulcer often hides behind 
the "crise noir” of Charcot This same author, summing up the now 
generally accepted belief that a strong emotional factor contributes to 
the cause of ulcer, pleaded foi the most finely drawn anamnesis and 
what he teimed the “subtile diagnose ” He urged physicians not to be 
misled by the stolid mien of the Holsteiner beneath which the tension of 
emotional conflict ma)^ be terrific 

9 Simnitsky, S Weitere Beobachtungen zur Frage uber die Bedeutung des 
Milieus in der Pathogenese der peptischen Geschwure, Klin Wchnschr 6 991, 1927 

10 de la Tourette, Gilles L’ulcere ronde et hysterie, Semaine med 19 377, 
1899 

11 Charcot, J M Legons du mardi a la Salpetriere, Pans, E Lecrosnier & 
Babe, 1889, vol 2, pp 272 and 342 

12 von Bergmann, G Die nervosen Erkrankungen des Magens, Verhandl d 
Gesellsch f inn Med , 1924, Kongr 36, p 168 
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But It IS the nature of this conflict that has inteiested us especially 
during the past two or thiee jeais That fear is cleaily an important 
element there is no doubt Yet it is not always easy to connect a con- 
scious feai with the gastric symptoms Not mfiequently, of course, 
an acute fear episode is closely associated with a violent gastiic attack, 
hemorrhage oi even perfoiation Nevertheless, theie is good reason 
to believe that the oiiginal foimation of the ulcei occuired a long while 
before one of these seiious events Feai has not been lecognized con- 
sciously, howevei, m the earlier stages of the malady, and, indeed, is 
usually denied vigorously by the patient This situation is well illus- 
tiated by the case one of us lepoited last }eai of the public official 
vhose hemoirhage occuiied following a nariow escape fiom death by 
collision with a lailioad tiain This patient’s ulcer had existed foi some 
time prioi to that neail}'' fatal event, its formation was related to his 
childhood and adolescent fear of humiliation because of unsuccessful 
competition with his younger brothers Later on, after two years 
without symptoms and a continuous diminution m the size of the crater, 
as shown by i oentgenogi ams, gastric symptoms leturned temporal ily 
when a fellow passengei at sea died, m a few horns, of perforation 

111 other woids, there seem to be two sepaiate and independent 
sources of fear One of these is subconscious and unrecognized by 
the patient The anxiety that arises from this level has been at work 
over a long period The othei, consciously perceived, is formed by the 
menacing episode that threatens life, limb or ego The former moie 
chronic element of tins double feai attack has engaged our interest, 
especiall)'^ of late, because it appears to be almost part of the constitution 
Itself 

In this connection it is of interest to lefer to the work of Cannon 
on the autonomic nervous sy^stem He remaiked m his “Lmacie 
Lecture” 

Not onh’’ states of the external environment itself, but responses of the organism 
to situations in the external environment, are associated with disturbances of the 
internal environment This personal, individual climate, which we carry about 
with us, must not change if ve are to continue to be effective In order that the 
constancy of the internal environment may be assured, therefore, every considerable 
change in the outer world and every considerable move in relation to the outer 
world, must be attended by a rectifying process in the hidden world of the organism 
The chief agency of this rectifying process, as we have just noted in many illus- 
trations, is the sympathetic division of the autonomic nervous system 

Cannon furthei pointed out that animals deprived of the sympa- 
thetic nervous sy’^stem can survive successfully within a protected 
environment provided by a quiet laboiatory, but when such animals 

13 Cannon, W B The Linacre Lecture on the Autonomic Nervous Svstem, 
London, Cambridge Unnersit\ Press, 1930 
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aie foiced to meet any struggle with tempeiature changes, musculai 
activity 01 emotion they promptly shmv failing function of all viscera 
equipped with smooth muscle 

The gastric disturbance in cases of peptic ulcer in man, as well as 
the other signs of sympathetic nervous s3^stem weakness (eg, sweating, 
fatigue and wide palpebial fissures), forms a picture highly reminiscent 
of the s3'^mpathectomi2:ed animals It would seem that these peptic ulcer 
people possess an inadequate S3mipathetic neivous S3^stem This inade- 
quacy may be the result eithei of an inherited weakness or of a wearing 
out process The latter might well follow prolonged exposure to the 
chiomc anxiety state just referred to It is the nature of this anxiety 
that we propose to discuss later in the section dealing with the androg- 
3 nous mosaic 

In order to demonstrate the subtle indications of the feminine 
component m the personality, the following psychologic histones are 
presented Most of them are nonanalytic, and their objective nature 
makes it somewhat difficult to interpret them from an analytic point 
of view, yet their significance is quite apparent We have made about 
sixty of these studies in all From these, nine complete histones and 
fifteen excerpts have been selected for presentation 

It IS not easy to gam access to the storehouse of a human being’s 
emotional life, the intimate details of events that involve feelings and 
loyalties are jealously guarded For this reason direct questions, or 
even leading ones, are invariably met at first with silence or negative 
lesponse Only when a fnendlj'- and dependable confidence has been 
established between patient and ph3'^sician do the significant contents 
of the former’s secret thought chamber appear Much of this is unavail- 
able to the too abrupt questioner, not because it is lost in the patient’s 
subconscious mind, but because it is withheld for reasons of fear, 
loyalty oi sensitiveness to tactlessness on the physician’s part When 
the proper relationship has been established, the concealed thoughts and 
later the subconscious residues will begin to distil ovei, hesitatingly 
at first and later sometimes with a gush that may m itself have a healing 
as well as a diagnostic value 

REPORT OF CASES 

Case 1 — Duodenal Ulcet — This patient, T D , was 34 years old and 
unmarried He was of the classic ulcer type, with wide palpebral fissures, moist 
palms and chronic fatigue An operation for duodenal ulcer was performed five 
years before consultation, and since then he had been under almost continual treat- 
ment for gastric distress He came of New England stock, but his family moved to 
Texas shortly after his birth and he had lived there ever since The circumstances 
of his birth were important Shortly after he was conceived his father left home for 
no apparent reason and was not heard from again until the patient was 12 years old 
During his early childhood, the boy frequently had the feeling that he was an 
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um\ anted addition to the family Furthermore, the mother was so occupied with 
her efforts to support the family that he saw little of her He had two older 
brothers and two older sisters, one of whom had played the part of mother to him 
in his early years Added to the feeling of insecurity which this parental lack 
produced was the quality of effemniancy which the boy himself recognized m his 
own personality On this account, he became the butt of his playmates’ ridicule 
To compensate for, or to obliterate, these feminine traits, he consciously stro\e to 
de\ elop masculine attitudes and behavior He succeeded in this so well that people 
now often discuss the subject of effeminate men with him “Of course they 
wouldn’t do this,’’ he went on, “if they suspected that I was like that” Further- 
more, he had done well in business and by great determination had become the driv- 
ing executive head of an important department of a large manufacturing business 
He did not by nature possess ability or interest m executive work 

When he came to the Constitution Clinic, after five years of intermittent recur- 
rences since his operation, he said that he was now convinced that his trouble was 
primarily nervous or mental With great difficulty and resistance, although he had 
brought himself voluntarily to the task, he finally stated that he feared that he was 
homosexually inclined Further inquiry, however, soon revealed that he had never 
had any actual sex experience with members of his own sex, and only very incom- 
plete attempts with women He remarked that his training in this phase of life had 
been one of stern puritanical repression, ignorance and fear At the age of 10 he 
had become attached to the little daughter of the minister of the local Baptist 
church and subsequently became an ardent church-goer, largely, he thought, because 
it kept him in close association with the little girl This attachment lasted until 
he was 17 or 18 years of age At that time, he chanced to go to a service in a 
church of another denomination where he saw a young acolyte of great personal 
beauty For the next few years he continued to be a most devoted attendant at the 
services in this church He never met or spoke to the acolyte whom he held con- 
tinually in his mind 

Six years previous to examination he fell in love with a woman who was self- 
supporting and earning an income considerably larger than his own Their 
relationship advanced rapidly and intensely until sexual activities had almost 
reached the stage of intercourse But at this point the patient was checked by the 
traditions of his ancestors and the teachings of his two churches Marriage alone, 
by sanctification, could permit the final sexual act On the other hand, if he mar- 
ried this woman whose earned income was quite adequate to support them both, 
though his was not, he would find himself in the humiliating position of a depen- 
dent on his wife This was more than his already overtaxed masculine component 
could tolerate In the face of this dilemma, he terminated the relationship abruptly 
During the ensuing months, he sought a solution of this problem and finalh 
attempted one by an effort w'hich he said w'as purely rationalized and quite with- 
out an emotional conviction He asked the woman to live with him, unmarried 
This gesture w^as promptly and vigorously repudiated by the woman, and he 
retreated more than ever depressed over his defeat in life Within a few months 
after this episode, his stomach sjmptoms began and grew increasingly worse until 
the operation was done 

During the course of work at the clinic, while the patient still believed himself 
to be homosexual, he had two interesting dreams in rapid succession In the first, 
he ascended the stairs to his bedroom and, outside the door, he saw his two nephews, 
sitting at each end of a sofa, curled up in the attitude of fetuses He walked past 
these without stopping, entered his room and closed the door Within, he found 
his sister, who promptlj' changed into the girl he was somewffiat interested in at 
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the time He made amorous advances toward her, which terminated in an 
emission The associations with this dream are significant The nephews, who 
appeared as infants, were actually full grown j ouths for whom he the patient had 
felt the possibility of homosexual attraction The sister was the one who had 
played the role of mother to him 

In the second dream he entered a house with a push button entrance Three 
names were in the list beside the bells On the first floor was a count, on the 
second a prince and on the top the girl he was going to visit His eye ran up 
the list, past count and prince, and without hesitation he pressed the bell of the 
lady’s apartment He started up the stairs and met many obstructions in the hall, 
composed of furniture Finally he reached the girl’s room, entered and found her 
lying partially clad on the bed He again made amorous advances which concluded 
with an emission The association brought out the immediate linking of count 
and prince with homosexuality The obstructions were related to his traditions 
and the belief that he was unable to achieve a normal sexual life 

Two days after these dreams the patient complained of a return of his gastric 
discomfort It was during the discussion of these symptoms and the preceding 
dreams that the patient brought out the account of the early attachment to the 
pastor's daughter, the acolyte and the love affair that was broken off before the 
original onset of the stomach symptoms On the basis of the foregoing history, 
the patient explained the return of his indigestion in the following way “It would 
seem that the phantasy love affairs with the parson’s daughter and the acolyte were 
sanctified by my devotions in the two churches But the later love episode, in which 
marriage was impossible because of the blow to masculine pride, lacked the sancti- 
fication by the church and led to ulcer formation Now the recent dreams which 
display a phantasy sex fulfilment, unsanctified by marriage, have presented in 
phantasy (dream life) the same situation which existed in reality before the original 
ulcer ” 

Following the conference in which this piece of insight developed, the stomach 
symptoms receded and have not reappeared 

Analysts of Faintly History — On the maternal side of the family, the women 
were replete with forcible qualities of personality The mother and two sisters 
of the mother were women of marked executive ability and were quite capable of 
assuming the role as heads of the family The maternal uncle was a chronic 
inebriate, lacked stability and definiteness of purpose, and showed little backbone 
111 dealing with a domineering wife 

The patient’s father was apparently more attached to his mother and sibs than 
to his own family and chose to desert his wife and children and reestablish himself 
m the household of his mother He had unusual manual dexterity but little busi- 
ness ability and courage 

The absence of the influence of the father m the home seemed to express itself 
m the fact that both of the patient’s sisters married their employers In neither 
•case was the marital adjustment good Possibly, too, the absence of the father 
in the home helped m determining the patient’s sense of insecurity Very early he 
felt the sting that he was an added burden to the family at a time when the father 
left the total responsibility to the mother The brothers showed the mother influ- 
ence in their marriages The older one married a nurse, the mother was also a 
nurse His wife continued in her professional role He showed a marked feeling 
of insecurity and lack of stability in work The second brother married a woman 
•older than himself and brought her to the family home in preference to establishing 
a home of his own 
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The presence of a hereditary inferiority in the gastro-intestinal tract was also 
expressed The mother gave a history of gastric disturbances One of the 
mother’s sisters and also the patient’s oldest sister died of cancer of the stomach 
Two cases of tuberculosis in the mother’s family were also worthy of note 
All members of the family seemed to be of the long thin variety 

Case 2 —Duodenal Ulcei (P 0 i^a) —The patient, A E , was 37 years of age 
He was morphologically typical of the duodenal ulcer type An operation for 
duodenal ulcer was done two and one-half years before consultation There were 
constantly recurring symptoms of gastric disturbances 

The following is a brief sketch of the psychologic aspects of the case 
The patient was second in a fraternity of five children and was the only son 
As will be seen from the schematic outline of the family history, the parental 
influence was of a negative character The patient was highly emotional He was 
inclined to be distractable in conversation and approached the point at issue in a 
circuitous manner His experience memory was poor He learned easily, but did 
not retain factual knowledge He displayed a marked feeling of insecurity, and 
this expressed itself strongly in his vocational adjustment As a research engineer 
he had had several marked successes He stated, however, that his conclusions 
were reached largely by intuition, and that he could recount with difficulty the 
logical steps by which he must convince his co-workers Consequently he pre- 
ferred to work alone, because it gave him a greater sense of security He offered 
his stomach trouble as the reason why he held a mediocre position It enabled him 
to work under conditions which offered the least possible emotional and physical 
strain The patient was meticulous m his dress and was finicky about food The 
latter he said was so because of his indigestion , still he admitted that the discom- 
fort continued despite the dietary precautions 

He was married at 33 years of age to a woman three years his senior She 
had been Ins father’s favorite music student and had so far identified herself with 
the family before she met the patient that she called him “father” The patient’s 
only child, a daughter, was born eighteen months after marriage She lived only 
two and one-half years, and died two months previous to the patient’s first visit 
to the clinic The marital relationship was greatly conditioned by the wife’s 
religious views, but he insisted that total abstinence did not affect him adversely 
“My stomach is bad and that takes a lot out of a fellow ” ( Or were his stomach 

symptoms a compensatory adjustment for this lack of virile expression^) 

During the first few interviews the patient talked freely of himself, yet one 
gained the impression that there was something that greatly troubled him which 
he was unwilling to disclose Finally one morning he told the following story 
At 18 years of age he had his first and only premarital experience with a woman 
At this time he was infected with gonorrhea, but he did not report for treatment until 
the disease was far advanced With proper therapy, however, all symptoms were 
relieved Several years later he went to a competent physician, who, after repeated 
tests, was unable to find any gonococci A subsequent examination, likewise nega- 
tive, was made just previous to marriage Yet in the patient’s mind there always 
remained a doubt and a terrific feeling of guilt 

When he realized that his wife was to have a child, his fears increased and 
caused him to omit intercourse During the period of pregnancy, his first gastric 
symptoms developed, and they grew increasingly worse as the pregnancy pro- 
gressed The final blow fell on him when the child was born a mongolian idiot 

13a In the case reports, P O indicates after operation, and NO, that an 
operation had not been performed 
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To tlie patient this tragedy confirmed his secret fears, and he held himself directly 
responsible The child’s malformation became the constant evidence of his guilt 
So great uere his fear and humiliation that he neier mentioned the infection to 
the phjsicians who took care of the child 

The patient was operated on for ulcer three months after the child’s birth 
While giving this point m the history, he asked “How could that operation help 
me when I had that child always before me?” He ^^as unwilling to have another 
child Consequentlj , because of her religious scruples, the wife refused intercourse 
There still lurked m his mind the fear of infecting her, and he rationalized her 
resistance as only another penalty that he must pay for his guilt At this interview 
the lack of any relationship between the condition of the child and his gonorrhea 
\\as carefully explained The patient understood it and for the first time 
accepted it 

Ten dajs after the foregoing histor}'- was divulged the patient was anxious to 
review the effect of his confession He said that the term “deliciously refreshed” 
most aptly described his new attitude toward life, and he reported that he and his 
wife had decided to have another child The patient said that he thought this 
new and free relationship with his wife was also an important factor in changing 
his attitude, and m eliminating the sense of guilt that had previouslj’- inhibited his 
sexual life 

A week later the patient reported that he intended to move into a new apart- 
ment in order to get away from the constant reminders of the mongoloid child 
His wife revived her interest in the further study of music As a result of these 
changes, the patient found that he now could talk to his wife with the conviction 
of a man There had been no gastric sjmptoms since the interview in which the 
gonorrhea episode was revealed, though the wife’s studies necessitated his having 
the mam meal away from home This he had always carefully avoided m the 
past Furthermore, he found that he had a different attitude toward his work, 
which was evidenced by the fact that boys in the office had been asking him lately 
what his good news was 

Further and more detailed analytic treatment with this patient does not seem 
necessary at the present time He shows remarkably keen insight into his present 
condition and is intelligently making adjustments Once the insufferable load of 
guilt was taken from his shoulders, his entire attitude toward life was altered 

Analysts of the Family Histoiy — The paternal grandfather was a chronic inebri- 
ate, and the responsibility for the care of the family was left to the grandmother, 
who displayed ability and domineering qualities of personality This reverse m 
the home situation had probably conditioned the lives of the patient’s father and 
his sibs A sister and two brothers were never married Of these three, two 
showed strong maternal attachments The patient’s father married at 18, adapted 
poorly, and at 50 gave up a brilliant musical career and returned to the childhood 
home and the business of the mother 

The patient’s mother was unstable emotionally and at times was unable to cope 
with life’s problems and retreated to drinking Little is known of the members 
of her family 

The patient was an only son, and there were four daughters Neither of the 
parents had a positive influence in the home, or in the life of this sensitive boy 
None of the sisters had adapted w'ell to marriage 

All the members of this family except the mother were of the long thin variety 
The joungest sister of the patient showed the only other evidence of gastro- 
intestinal weakness Two cases of tuberculosis were found in the paternal line 
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CvsE 3—Gaslnc Ulcer (P 0 ) — In order to save space, the routine hospital 
histor\ of the gastric disturbance will be omitted The patient, R L , had a classic 
case of peptic ulcer of the lesser curvature and received both medical and surgical 
treatment Not only did his stomach sj’^mptoms recur, but other evidences of 
\egetatue nerrous s-\stem maladjustment developed, for example, sweating, trem- 
bling and fatigue The following notes are presented in order to display something 
of the patient’s “man-environment unit ” 

Morphologically, the patient showed that m thirty characters and indexes, 73 
per cent fell well within the values that have been established for the ulcer group 
It IS interesting to note that the gonial angle, which has been found to be one of 
the most constantly specific characters m different constitutional types, in this 
instance was 106 degrees, a figure far more typical of the gallbladder race than of 
the ulcer race 

On April 26, 1926, a partial gastrectomy with entero-enterostomy and gastro- 
jejunostomy was performed The patient made a good recovery and was dis- 
charged on March 30 

On March 3, 1927, the patient was in good condition as far as the gastro- 
intestinal tract was concerned He was a bit underweight He belched gas 
slightly 

On March 8, 1928, he continued in good shape, and was working regularly 
On October 19, there was no recurrence of the gastric symptoms, but the patient 
vas troubled with profuse sweating He presented another example of anxiety as 
a factor m the production of ulcer 

At this point the patient was turned over to the Constitution Clinic 
On Oct 31, 1928, the patient presented a remarkable instance of the effects of 
chronic fear His emotional maladjustment began at an early age with the experi- 
ence of watching his terrific mother knocking out his drunken father and seeing 
the latter crawl ignominiously off to bed But his mother never hit him, and he 
always felt happy and secure in her presence After her death he was practically 
throw'n out of his home by an older sister who took charge A year or so later, 
at 16, he married, and he became a father at 18 After the third child he could 
not meet expenses and suffered the humiliation of breaking up his new home and 
seeing his wife go back to her mother Subsequently he got it established again 
Then came a revival of father troubles, ending in the forcible eviction of the 
drunken man from his house Later his wife metaphorically beat him (the patient) 
o\er differences of opinion After one of these altercations, he crawled off to bed 
w'lth a sense of defeat, saying “I never win ” Yet m nightmares he was m dire 
difficulties and alwaj’^s waked calling his wife for help Eleven years before exam- 
ination he ran o\er and killed a child with his motor truck He w'as acquitted, 
howeier, for years he w^as irritable at home Further trouble developed with his 
father, and he was irritated at having the court order him to contribute to this 
parent’s support A conflict appeared If he gave up driving the truck, he faced 
the loss of his home But driving a truck revived the fears associated with the 
killing of the child The patient then began to get insight As a result, the sw'eats 
stopped, sleep became sound and normal, appetite returned, weight increased 2^ 
nounds (1 Kg ) m ten days, and altogether he felt like a new man 

On No\ ember 7, the patient said that he had been eating better lunches without 
symptoms He had no more sweats He was less irritable with children He 
noticed that he worried less He w'as trying the device of asking his children for 
adrice in small matters, and it w'orked w'ell He complained of headaches The 
top of the head w'as flushed 
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On December 12, the patient continued to do well There was an interesting 
relapse of sweating following a motor accident on a hillside tne week before The 
patient saw its import and felt very well the week of examination He had gained 
a little more weight 

On Jan 11, 1929, the patient had gained 2 pounds more (0 9 Kg )— he now 
weighed 137 pounds (62 1 Kg ) — a total gam of pounds (2 5 Kg ) since Oct 
31, 1928 He had had no more sweats He felt fine , he did not have gastric symp- 
toms and he ate practically everything 

On March 21, 1929, the patient had no complaints , he was free from sweats , 
his nervousness was limited to driving a truck m very slippery -weather He 
weighed 139 pounds (63 Kg ) 

On April 19, the patient showed a marked improvement since starting work 
in the Constitution Clinic on Oct 19, 1928 He had indulged, however, m food 
that seemed to be putting unnecessary stress on his stomach Occasionally, he 
ate corned beef and cabbage and other indigestible foods He was advised to follow 
a bland nourishing diet without restrictions except such vegetables and fruits as 
were apt to be tasted after eating or repeating vegetables The patient was ad\ ised 
to return to the Constitution Clinic 

On Oct 18, 1929, the patient had no pain or distress after meals He -was not 
on any diet He was driving a truck as usual without dread 

On November IS, he said that five da 3 'S previously, following a choking spell 
on drinking water, he vomited a teacupful of bright red blood This stopped spon- 
taneously, and he had had no recurrence 

The patient had a friend — an assistant timekeeper in the same firm in which he 
worked — ^with whom he used to compare symptoms The friend’s symptoms were 
attributed to gas in the stomach pressing on the heart On Monday, November 4, 
the patient heard that this friend had died two days before while reaching for the 
paper at home From October 21 to 29, the patient had been off work because of 
a cold Worry over the friend and his own past symptoms made work more nerve- 
racking for the patient, and this led to fear of consequences of leaving the job 
again 

Hemorrhage occurred on Sunday morning, November 10 (This six day inter- 
val IS characteristic of what we have found — usually a hemorrhage seems to occur 
from two to six days after the inciting cause ) 

The patient talked to me for nearly two hours He said that all the trouble 
started two years after his father came to stay with him in 1923 (Fifteen years 
previously his father lived with a married daughter, she promptly got stomach 
symptoms and paid $50 a week to doctors as long as the father lived with her 
When he left, all her symptoms disappeared ) The patient unconsciously used 
interesting expressions in speaking of his father “He used to turn my stomach”, 
then, referring to the money ($2 50 a week) he contributed to his father’s 
support, he said, “Why should I bleed myself to death for him after the deal he 
gave me as a child?” 

The patient’s dreams of death may have come from the repeated remarks made 
by the father “Don’t talk to me about drinking — ^you’ll be dead before me ” 

On Oct 10, 1930, there were no symptoms referable to the patient’s digestion, 
except occasional belching of gas when he ate too big a meal He had recently 
had a fractured left arm which had laid him up and prevented him from working 

Summary — ^The father’s alcoholism and the accident of killing the child with 
a truck were, of course, serious blows However, in view of the fact that the 
patient had seen the power of his mother over his father and his own experience 
with his wife’s power over him, his failure to hold his home together was even 
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more destructue He had attempted at a very early age to demonstrate that he 
was a man, but he had failed to achieve the standards of manliness which he had 
set for himself Furthermore, he was very precise and fussy over details about the 
house In telling every one his faults, he displayed a masochistic tendency He 
thought that people tried to humiliate him by showing that they were more capable 
of financial success than he was 

Analysts of Faintly Histoiy — ^The patient's father was alcoholic and domineer- 
ing, and he continued to be a destructive influence in the patient’s life The mother 
and her sisters showed definite virile trends The mother was a combination of 
calmness and good nature and an urge to manage and carry on alone without 
cooperation A maternal uncle evidently had an ulcer psyche pattern 

Two of the patient’s brothers showed artistic leanings and were driving, restless 
spirits The luing sister was the opposite, a quiet, calm housewife with marked 
maternal interests The j'oungest sister of the patient had rheumatic heart disease 
and died at 16 years of age with the onset of the menses 

In general, this family represents the tall, thin type, though the mother and 
sister are short and thick set Several instances of evident gastro-intestinal weak- 
ness appear 

Ca.se 4 — Duodenal Ulcci (NO) — The patient, F L, was a woman of 35 
years who looked about 25 She was of a tall, slender build, and except for the 
gonial angle of 118 degrees was a classic example of the ulcer race At 78 her 
father was a healthy man, though at 40 he had a nervous breakdown Her mother 
was 78 and a very vigorous dominating person The patient had two sisters, one 
older and one younger than herself The oldest was injured in childhood and had 
been mentally and physically retarded ever since The patient grew at the average 
rate, but her menstruation did not begin until she was 18 years and 10 months old 
Up to that time she had been involved in what she described at first as a childhood 
and then a platonic boy and girl friendship, apparently utterly unaware of the 
significance of a possible love emotion When she one day suddenly realized that 
the nature of the relationship had changed, she began to feel ill, and a few days 
later she had her first gastric hemorrhage She was 19 years old at the time, and 
soon afterward she became engaged to this friend and marriage was much talked 
of for two and a half years The engagement was broken, however, by the fiance, 
who felt that he could not face the responsibility of a sick wife The patient her- 
self recognized that the prolonged gastric invalidism, which required great care 
and treatment for the whole of the following year, was a protection against further 
advance into a love relationship and marriage Yet when her sister informed her 
that her former fiance was again engaged to be married, she became most indig- 
nant When she was 23 years old, she had an attack of mumps with ovarian 
involvement The patient became engaged again when she was 25, but there was 
great vacillation about the marriage, which was arranged for and postponed many 
times During this period she became involved with another man, and had an 
incomplete intercourse which resulted in pregnancy This was interrupted at the 
second month, and for the following year the patient was in a very poor state 
of general health with much gastric disturbance Subsequently she resumed sex 
relations with her fiance, although never satisfactorily, and this state of affairs 
went on for the next two or three years The question of mSirriage was continu- 
ally discussed and postponed 

Two years before examination her fiance told her that he had ceased to love 
her and had given up the plan of spending the summer with her Twenty-four 
hours after he delivered this ultimatum, she had a severe gastric hemorrhage Her 
recovery from this attack was slow She presented herself at the clinic with the 
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histor\ that she was constantlj’- fatigued, could eat almost nothing without subse- 
quent distress and was often moved to tears at the slightest emotion About three 
months before admission she had received a cable from her fiance saying that he 
was not coming to Europe as planned to join her Within twelve hours, she suf- 
lered from a return of gastric distress with vomiting 

As the patient told her storjq she made continual references to her need of some 
dependable human relationship “I must have one person whom I can trust com- 
pletely” Yet she perceived that all the men she had turned to had been quite 
vacillating and undependable “Indeed,” she declared, “every man I’ve been in 
love with has developed some reason why at the last moment the relationship had 
to be broken” She found them all “unlike my wonderful father who is the onlj 
man I’ve ever known who embodies all the virtues, and particularly the great 
essential quality of loyalty ” 

The suggestion was then made to her that perhaps her own attitude toward 
the opposite sex had an antagonistic element m it which led her to select men 
essentially unsuitable for permanent mates, or that perhaps she had an unconscious 
resistance to marriage itself Such possibilities were consciouslj'' denied, but within 
a few days she dreamed that she attended an entertainment At the door a boj' 
said to her “come m here and see the show we men are going to give ” The 
immediate association took her back to events that had occurred when she was 5, 
which she had not thought of for manv years At that time she had been living 
with her aunt because of her father’s illness, and she recalled the terror she had 
experienced every day on going out into the garden There she was tormented 
and frightened by a small boy who chased her and pulled her hair For several 
interviews these apparently harmless gestures were recounted as the only ones 
But finally, with tears and averted gaze, displaying emotional disturbance and 
embarrassment out of all proportion, she stated that the little boy had likewise 
made her acutely ill with nausea and vomiting by the exposure of his genital organs 

The patient soon began to realize that all her emotional reactions were of an 
extremely childish sort She confessed to a strong desire to consort with her 
vounger sister’s friends, and she noted herself the swift change from tears to laugh- 
ter which so characterized her She had gained insight into the mechanism of her 
retarded psychosexual development represented by her late menstrual onset, the 
avoidance of marriage, the incomplete sexual relations and the idealization of the 
father On the thinking or rational side, she had attempted a compensatory effort 
at independence and self-sufficiencj’- AVith the growth of insight, there had been 
a definite gain in vigor and the ability to eat any kind of food without distress 

Analysts of Faintly Htstoiy — Longevity appeared in the maternal line The 
mother and all of her sisters seemed to be of a vigorous and striking personality 
with tremendous driving force There was a distinctly low interest in marriage 
associated with strong church affiliations The mother of the patient exhibited a 
marked inferiority complex with a nervous dnv'e to overcome this One brother 
had been married three times 

There was a strong trend of nervous instability in the father characterized by 
complete collapse in the face of difficulties He displayed terrific driving force in 
his work 

Neither the patient nor her two sisters were married The oldest suffered 
from a mental breakdown following a spinal injury at 19 years At 38 years she 
showed rather good recovery through suggestive treatment The youngest sister 
was 28 years of age She was a rather timid, retiring, introspective girl, wnth a 
sense of insecurity covered by an attitude of blase boredom 
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Self-Estimate The patient did not usually feel ill at ease or timid, though as a 
child he was He was rather negatively suggestible, stubborn and conceited He 
sought company, though he did not become lonesome easily He was confident 
of himself as a driver He was very frank and open He liked to be the center 
of attraction, and was rather vain He was generous to a fault He was not 
guided by principle, but grasped opportunities He drove very well m traffic He 
changed jobs frequently He was always “looking for a stroke of luck” He 
accepted new plans quickly 

Mood and Emotional Reaction The patient was usually cheerful and optimis- 
tic His mood was variable He said that he was “quick on the trigger,” but was 
o\er his temper quickly Painful stimuli gave a marked reaction He was neu- 
rotic and complained under pain and discomfort He was rather easy to frighten 
He cited instances m which fright caused “dripping perspiration ” He said that as 
a child he was “cowed” by his fellows He was easily elated by pleasure He did 
not worry or harbor grudges long, he forgave easily He said “Kind words 
take the fight out of me ” 

Adaptation Imperative The patient was not really ambitious , he was not very 
courageous, and he had little real initiative He was somewhat vigorous minded 
He said “Opposition stirs me on ” He had liked active sports as a boy Car- 
pentrj’- was his hobby He liked the theater He enjoyed a few games He was 
still interested m penmanship and wrote a very pretty hand He read books on 
psychology and was interested in “self-analysis ” He said that he “tries to find out 
hidden meanings ” He used little restraint in the appetites, fears or passions dis- 
played 

Evidently this patient is fussy over details of food and dress, is 
vain and fond of attention and has not been successful in his two 
mairiages He was shy in childhood, easily frightened and cowed by 
his fellows His statement that “kind words take the fight out of me” 
bespeaks of an emotional sentimentalism, not of distinctly masculine 
character Yet it should be noted that his heterosexual urge and activity 
are unusually stiong 

Case 6 (65118 ) — Duodenal Ulcet {PO) — Family History — Paternal The 
father was of English stock (Bermuda) The father's father was a ship builder 
He was a “neurotic in the end ” The father died of stomach trouble at 65 years 
of age He was a tradesman and cooper He was of medium size, thin and 
nervous He was a great smoker He married a second time when the patient, 
N B , was 25 One of the father’s brothers was slightly weak-minded “due to 
drink,” and died at 40 jears of alcoholism Another of the father’s brothers died of 
smallpox (no age given) Still another brother died at 68 years of stone in the 
kidney 

Maternal The mother was of Scotch stock The mother’s father was a sea 
captain, he taught navigation m Bermuda She was a fine type The mother’s 
mother died of heart disease at 64 years She was rather small, very thin and 
active, she was alwajs m a hun-j', ran and never w'alked She usually seemed 
tired 

Siblings There were five sisters, two were dead One “went off her head” 
and tried to commit suicide Spinal difficulty and “efforts of a doctor to cure this, 
resulted m loss of mind ” The oldest sister was 74 years of age One brother 
was /2 vears of age and w'orked regularlj^ as a stone mason He had seven children 



647 


DRAPER-TOURAINE— CONSTITUTION AND ULCER 

by Ins first wife and four by Ins second Another brother was alive and well at 
57 years One sister was a neurotic , she had dysfunction of the liver 

Pasonal History— The patient had a fairly happy childhood He had to do 
many chores , yet, he had time for things of other sorts His father was a good 
companion The patient was not considered a healthy child , he had many colds, 
mumps, clnckenpox, measles and scarlet fever He was ill during the latter part 
of his life He had scarlet fever when he was 40 years old An operation had 
been performed on the kidneys some jears before examination, either for infection 
or for stone 

The patient went to school at 10 years of age and did fairly well However, he 
left school at 14 years so as to be made “useful ” He was sent to learn the trade of 
harness making His father always directed his course and never allowed him 
to do what he wanted , invariably he was told what to do 

The symptonis of the present illness dated back a long time The first serious 
symptoms appeared in 1912, when the patient was a steward of a country club in 
Flushing, N Y His position was congenial, but there was a good deal of drunk- 
enness among the members He had to handle them with care, this was a strain, 
also, there was night work with irregular hours However, the patient could 
think of no sharply precipitating cause of the present condition 

Peisonahty — Intellectual Activities The patient learned easily He was good 
in spelling, he liked geography He was not good in mathematics He had 
always tried to please in his positions, but he had a roving disposition and liked 
to change 

His retention for recent events was rather poor , he remembered remote experi- 
ences more easily than recent experiences His visual memory was good His 
power of concentration had always been bad, chiefly because he “sees too many 
things at once ” The patient said that he was overtimid and lacked initiative , he 
was not bold enough He spent money very unwisely, if it had not been for his 
wife, he would not have had any 

He was very good with his hands, but not dextrous 

The patient had handled small groups of men (thirty) successfully He has a 
good respect for the rights of others He was imaginative 

His dreams were generally very horrible One night he dreamed he had poisoned 
his father His head was separate from the body He placed it on the table and 
asked it to forgive him There was no answer, but the eyes opened and shut He 
awoke m horror On going to sleep again, the head was still there , it asked him 
to stoop down The patient then felt the cold lips on his ear He awoke in horror 
This dream stayed with him for weeks Again he dreamed that he had crawled 
through a tunnel in a sand pit, and was almost suffocated Also many black cats 
scratched him He felt blood from the scratches A friend, an older man, said 
that he would help him out, then another black cat scratched him The dreams 
were always frightening and distressing Since he had been in the hospital, the 
dreams had always been of bodily discomfort He did not walk m his sleep 

The patient was truthful He was not introspective He liked nature and 
studied people He left himself out of the picture, because he did not want to 
become nervous 

Before operation on the kidney he was very sorry for himself 
Somatic Demands The patient did not use alcohol or tobacco He had had 
the habit of biting his nails in childhood 

He liked attention, but did not seek it He knew his capabilities and his lim- 
itations He had a horror of the sight of blood Once he saw a veterinarian open 
a horse, and this made him sick (10 years old) 
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As a child he was much frightened after dark, on coming up the cellar stairs, 
he ran lest someone catch his leg He was very timid when learning to swim, 
he alwajs imagined that a fish would bite him He demanded activity He tired 
easily and would often go home after playing games involving physical exertion, 
complaining of pain m his side , he was made to sit m a chair He was not pug- 
nacious, and was easily cowed by older boys At school an older boy rather pro- 
tected him He was a continual worker 

In his sex-life, the patient was prudish and bashful He practiced the average 
amount of masturbation He had many girl companions His sex experience was 
not excessive His urge was naturally heterosexual He avoided all suggestion 
of homosexuality The patient had feministic trends He sought friends among 
those from whom he could learn , his men friends were older 

The patient was especially (emphatic) attached to his mother He married at 
37 His mother died when he was 21 or 22 j^ears old He had been married 
twenty-one years and had no children His wife was living 

He had a strong attachment to his brother and sister, they corresponded He 
was always homesick until he married His marriage was very successful 

Self-Estimate The patient was not bashful or ill at ease m a crowd A lack 
of schooling or training had held him back He felt sort of “half -finished ” He 
said “Being a butler is not much to be proud of ” 

He was very trusting He said “I distrust no one till I find him out, and 
then that’s the last of him ” 

He w^as handicapped with nerves If there was a heated argument, he moved 
away He said “I wouldn’t make a soldier” If he saw a brawl ha turned 
away He liked everything to go smoothly The last few years he had struggled 
to accumulate enough to leave his wife comfortably off This attempt had not 
been successful and had made him anxious He was very loyal While his feelings 
were easily wounded, he did not become angry or irritable An injustice rankled 
within him Anger ahvays expended itself m his epigastric region (he pointed 
to it) 

The patient was overreticent and very precise His wife shook him out of 
this He was tactful and not suspicious People treated him well, he said, but he 
had few friends 

Mood and Emotional Reactions The patient was generally cheerful, he was 
stable He became unhappy quickly at times He reacted buoyantly to pleasura- 
ble stimuli His reaction to painful stimuli w'as slow, but it lasted long The loss 
of a friend through death was hard His fear of criticism was a tender point, he 
wanted to be well thought of Physical fear was not a factor Once, when the 
patient was almost run over by a motor, his only reaction was “how luclcy it was 
on the right side and not on the left” (he had had a kidney operation on the left) 
He did not think that he reacted markedly to fear He was inclined to brood 
Adaptation Imperative The patient formerly had had ambitions to become an 
artist, a fine handwmrker or a jeweler, but his father forced him without discussion 
into the harness making trade He left this work and took up tailoring for fiie 
years, he became a fairly good tailor Then he went on a ship as steward and 
der eloped a roving disposition Then he did club wmrk and worked as a butler 
The patient thought that he was overcautious , he did not like to risk what he 
had Imtiatn e appeared only if m connection with something he knew about (cau- 
tion again ^) The patient was by all means a follower His chief satisfaction 
vas denied from his wife and home He was not interested m sports He liked 
reading and traiehng He vas fond of music, especially sacred (there was much 
feminism m his intonations, expressions, etc ) He had always been a church 
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member, and was fairly religious He attended church when at home He did 
not enter into politics , he could not stand heated discussions He showed a con- 
scious restraint of anger, fear and appetites He said that it was No job to 
control at all ” 

Special Traits The patient thought that he could have been a painter or an 
artist He occasionally did some painting in water-color, usually of flowers 

This patient was quite noticeably feministic in liis general bearing 
He frankly admits that he would not make a soldier His mother 
attachment is indicated both by his murder dreams and by the fifteen 
year delay in marriage after her death His feminism is suggested also 
by his occupation as butlei He should have been an artist but for his 
fathei, who overrode his ambitions 

The following excel pts from other histones also in some instances 
indicate the tendenc} to overexpress a masculine attitude The emphasis 
IS so gieat that one is led to suspect that the opposite influence is very 
strongly developed in the unconscious In other cases, the histones 
display the patient’s difficulty or inability to play a vigorous masculine 
idle in life 

Gastuc Vice) Males — ^The following cases are typical examples of 
the types mentioned 

Case 7 — For two years the patient was a cook Later he took up the trade 
of bricklaying He said of his driving activity “I am the fastest bricklayer m 
New York” He boasted that as a boy he always won a fight He felt that a 
refusal to accept help from his wife in any situation typified his independence of 
action He said “I have more self-control than any ten ordinary men,” and yet 
the next sentence was “I never let a habit get the best of me for once they are 
formed they get the upper hand ” He boasted that no man could misuse him 

Case 8 — ^The patient had the habit of nail-biting up to 14 years of age He 
was a letter carrier He was active in the time of danger, but crumpled up when 
the emergency passed He said “I ate up my feelings when serving at the front 
and didn’t digest them ” His father had chronic alcoholism The patient felt that 
his early home life was largely responsible for his emotional disturbances His 
child’s illness precipitated his ulcer attack He was overly protective of his wife, 
and during this time he ate every meal for fear that she might suspect the gravity 
of the situation (Here he found himself unable to play a wholly protective mas- 
culine role ) 

Case 10 — The patient was the youngest of nine children He boasted of his 
love aftairs, but at 33 he was still looking for the “right red-headed girl ” He 
said “I could go to a dance every night in the week — ^yet I like to play cards and 
stay around with the fellows ” He drank excessively 

Case 11 — The patient was a tailor He had tried other occupations, such as 
chauffeur and automobile mechanic, but he always came back to tailoring He 
married at 21 3 "ears He showed extreme resentment of his stepmother and half- 
sibs He particularly enjoyed describing the raw deal life had given him, and his 
disposition was of the feminine masochistic type He was indecisive 

Ca.se 12 — The patient had been self-supporting since 14 years of age He left 
trade school to get a job He planned his work well and was fairly successful as 
a contract painter He married at 23 years He said “I was never able to leave 
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the ladies alone” Yet he was a regular joiner and was a member of thirteen 
men’s lodges He w’as an anxious, suspicious individual He had materialistic 
standards He said “Have as much money as the other fellow and he won’t 
look down on you ” He W'as timid and bashful, and he said “People try to 
make me look little” He traveled for prestige, he said “It puts me above the 
other fellow ” (He was evidently verj-^ unsure of his masculinity ) 

Duodenal Ulcei Males — The following cases are typical of the 
types mentioned 

Case 13 — A layman friend of this patient wrote a letter about him from wdiich 
the following excerpt is taken 

“In my house J was unstable, not responsible always, the same mixture of 
dreamer and drifter and keen pursuer of favorite ideas His personal character 
was somewhat of the same mixture He was unfailingly kind to the women in 
our group, even gentle in a sense usuallv understood as the characteristic of women 
rather than men His sympathy would extend to the point of his own personal 
suffering He was inarticulate usually, and upon his own difficulties very nearly 
silent It was especially hard to watch his health because he resisted any attempt 
to do so and went around sometimes in silent agony because he could not bear 
to let anyone know he was so unmanly as to be sick ” 

Case 14 — This patient’s symptoms began with the onset of the wife’s first 
pregnancy They increased throughout, and shortly after delivery, the ulcer per- 
forated He made a good recovery Four years later, when the wife started her 
second pregnancy, he again began to have gastric symptoms He stated that ,it 
upset him terribly to be responsible for his wife’s discomfort , it made him nervous 
and caused him to feel like a brute Indeed, he had the obsession of being almost 
the criminal cause of her condition and feared that she might die in childbirth 
This patient was a classic type, small, slender and high-strung His palpebral 
fissures were very wide, and he was always driving at his work He managed 
the whole office, went out after new work and generally did the work of ten men 

Case 15 — This patient said “I am not afraid of anything, why I’d dive into 
deep water before I could swim ” He boasted of his heterosexual urge , “simply 
can’t leave the women alone ” Yet he married at 33 a woman older than himself, 
and he admitted on careful questioning that he was actually very timid with women 
He was an old maid m respect to orderliness , he would leave the table to put some- 
thing in place, otherwise, he would not digest his food He said “Painted face, 
dirty neck , well dressed men with shoes run down at the heel annoy me most ” He 
was of the subservient servant type, he w'as a chauffeur and an apartment house 
superintendent He changed his job often He said that he “never had a row with 
the boss ” ' 

Case 16 — The patient was married at 20 years He said “I can do in one 
day what it will take another man two days to do ” He was extremely sentimental 
and demonstrative He fainted when frightened He was weak and trembling 
when he had to confront his superior in his work He was a Fifth Avenue bus 
conductor, and was markedly solicitous of the safety and comfort of his passengers 

In all of these histones and excerpts there is to be found a subtle 
and convincing evidence of the strong desire to overexpress virility 
The same principles can be seen through the personalities of the female 
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patients The following thiee complete studies of female patients are 
given as examples 

Case 17 (36753) — Dnodeual Ulcci {P O ) 

Family Hii/oi j' —Paternal The father was of English stock The history 
of the father’s father and mother was not known The father died at 56 of lung 
trouble,” he also had dysentery 

Maternal The history of the mother’s father and mother was not known The 
mother died of tuberculosis of the lungs 

Siblings One brother died during the Civil War Another brother died of 
tuberculosis, and still another brother died of “heart trouble ” A sister died of 
tuberculosis of the lungs 

Peisonal Histoiy — The patient, M T, was very ill and was slow in her 
answers, but she seemed quite clear in the information she gave She was born on 
a farm in the middle west, where she remembered a happy childhood She was a 
tombo}' Her menstrual history started at 13 She was educated in private 
schools, and she traveled abroad several timCs She started to write when a young 
girl, and she wrote words for Moody and Sankey hymns The patient said that she 
had had “stomach trouble” since childhood She married at 30 She never wanted 
children and caused abortions every time she was pregnant 

Pcisouahty — Intellectual Activities The patient learned easily m school, 
except in regard to mathematics She disliked to study and was ver}’’ distractible, 
almost flighty Her power of concentration was excellent for short periods, but 
not for any length of tune Her memory w'as good m the visual field, but poor 
m the auditory field Her experience memory was easily the best On a previous 
admission, it w'as noted in the charts that she had a particularly bad memorj'’ for 
numbers and dates She planned poorly , she said “it is too much bother ” She 
had shown rather bad judgment all her life 

The patient was very clumsy wuth her hands , she disliked housework or any- 
thing manual She was a good executive She had been a dilettante at manj' 
things writing, politics, women’s rights, etc She was not able to save money, 
but she said she had “stingy streaks,” and was never wuthout something 

The patient would not be called dreamy or visionary She was very truthful 
and careful of the rights of others She W'as definitely extroverted 

Somatic Demands The patient was not particularly fond of her own comfort , 
she W'as not vain and w’as not very anxious for the affection of others She had 
been a very hearty eater She drank six or seven cups of coffee a day She was 
aluajs in a hurrj , she worked hard all the while She said that she “has crazes 
for things ” She w'ould be called pushing and aggressive She was adapted poorlj' 
to marriage She was a “tomboy” in her youth and early womanhood She mar- 
ried at 30, sex relations were not pleasant She had no desire for children and 
ahvavs induced abortions She seemed to be a very well adjusted homosexual 
She spoke of her husband as a “wonderful, simple little man ” She said “I have 
a good deal of masculinity” 

Self-Estimate The patient w'ould seem to be quite self-confident and showed 
a feeling of insecurity only indirectly She w'as rather negatively suggestible and 
stubborn She was poor company for herself, and liked companions She was 
frank and open m her attitude toward those whose opinions she respected She 
was not vain, but “adored success ” During a previous admission, she was delirious 
and expressed definite delusions, indirectly, perhaps, a fundamental suspiciousness 
(which might link up with homosexuality?) She was generous and not bound 
by principle, and she behaved definitely as an opportunist 
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Adaptation Iinperatne The patient was usuallj^ cheerful and optimistic, but 
said that she had rather marked and quickly succeeding swings of mood She was 
quicklj excited She did not remember having ever been frightened, but she said 
that she would not hare children because she w^as “afraid of the pain” She was 
not easil} elated Her moods w'ere tiansient 

When the patient w'as ill or had pain, she became quite w^eak, though she 
claimed not to be affected She said “I hate to see w'omen suffer ” 

She W'as ambitious and vigorous minded She had a large number of outside 
recreatne activities, but none was rery engrossing She ahvays liked politics, and 
had gone to chuich occasionally Lately she had become interested m Christian 
Science 

The patient had little tendencj to repress her appetites or tempei She behered 
that she was brare, but reall}' she was not She said that she “has a hard time 
handling herself ” 

Again the “tomboy” appeals The jDatient disliked housewoik and 
the usual manual rvoik of women but enj03'ed diiecting things She 
said “I have a good deal of masculinity in me ” Hei adjustments 
weie not good, and theie is some leason to believe that theie was a 
stiong homosexual tiend 

Ca.se. 18 (640066) — Duodenal Ulcei (Confiiincd by the X-Ray!) 
familv Histoiy — Paternal The father’s father and mother w'ere German 

The father had died at 72 of pneumonia He had “acute bronchitis lumbago at 
21, and “stomach trouble all his life ” He was tall and thin and had angular 
leatures (he resembled the patient, J P ) He was cranky, a scold, and fussi 
about food He w'as not affectionate tow'ard his children He was artistic, and 
was ^erv bitter against religion He “thought churches materialistic” 

ilaternal The mother's father and mother were German The mother was 
also German She died at 52, of cardiorenal disease (asthma and kidney trouble) 
She W'as short and plump She w'as eas 3 ' going, but was worrisome by spells She 
was religious She got along well w'lth others The mother’s sister died at 70 
She ne\er married, she resembled the mother (she was short and plump) She 
was a goaerness 

Siblings A bi other died of “spinal meningitis” at 29 The trouble started with 
an earache he was sick for one w'eek He resembled the mother m morphologa 
and psachologv The histora of the second child w'as not know'ii The third child, 
a sister, died at 15 months, of scarlet feaer Another sister Iiad lecentla dea'eloped 
double aision and aches and pains She aaas tall and avirj' She aa'eighed 95 pounds 
f 43 1 Kg ) The fifth child, a brother, died of “summer complaint ” A sister 
died ot acute appendicitis at 26 She aaas tall and angular, and resembled the 
patient 

Patient’s Son The son had had appendicitis He avas tall and angular He 
aaas easa going, he aaas not married, and aaas quiet and agreeable 

Peisonal Htsfoi a' — The details of the patient’s birth avere not knoavn The his- 
tora of her mfanca avas not knoaan, except for scarlet fever Her childhood avas 
unhappa The father aa as grouch} and not affectionate The cera ical lymph nodes 
had been enlarged and suppurating at 6 to 8 a'ears of age, and required an operation, 
aahich left scars The patient avas sensitiae about the deformita 

She aaas afraid of dark rooms and afraid to be alone she aaould not undress 
until she had looked under the bed 
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The patient liked actne games and plaved with bo>s, but she did not belie%e 
that she was considered a tomboy 

She married at 19 Her married life was not particularly happy A sexual 
adjustment was rather difficult The patient said that her husband was sporty, a 
gambler, and was unfaithful to her He died when the patient was 27 years old 
The patient had tuberculosis of the lungs when she was 31 jears old She spent 
one year at Saranac and recoi ered She was able to support herself and her son 
by her own efforts till the son obtained a position He then supported her 

Pcijoiia/i/y— Intellectual Activities The patient was probably somewhat slow 
to learn She left school at 16, when she was in the eighth grade (she was kept 
back somewhat by the tuberculous nodes^) Arithmetic and grammar were done 
poorly , history, geography and spelling w'ere liked 

The patient believed that she w^as always rather distractible She said that she 
“has many things going at the same time” She concentrated well for a short time 
She w'as not \ery introspective and did not look into her own personal problems 
clearly 

Her memory w'as fair, it W'as better in the auditorj. than in the visual field llie 
patient had little sense of location and forgot her childhood German almost com- 
pletel}'' She did not recognize faces very w'ell Her common sense judgment W'as 
lair, except in regard to money , she had not saved She planned housew'ork w'ell, 
but not other things She was rather quick in making decisions She was fairl> 
successful as an executive in a small wa> 

The patient w'as not considered visionarj or dreamy, and she w^as not introspec- 
tne Her night dreams w'ere unpleasant, they were of falling, sinking or being 
chased She was truthful, but W’as not particularly caieful in regard to the rights 
of others 

Somatic Demands The patient’s appetite was usually good, but as she had 
had stomach trouble since childhood, she had always had to be careful about o\ cr- 
eating She liked coffee, but it made her dizzy As a child she had had vomiting 
spells and dizziness She W'as always fond of comfort and fine clothes, but she 
believed that she did not care for affectionate displays 

The patient always kept bus}' and active She said that as a child she alwavs 
“tried to take everything in ” She liked excitement, but was never able to stand it 
She was sick after seeing Barnum’s circus She had rather frequent emotional dis- 
charges (temper tantrums) after which she would have a headache She was not 
extremely aggressive, but would not be considered timid 

The patient’s demand for sexual gratification was moderate, and her hetero- 
sexual adaptation in general was only fair Still she was not particularly fond of 
her own sex, and would rather work for a man 

Self-Estimate The patient was quite confident of her own abilities She was 
not very suggestible She was rather self-sufficient, she did not seek companv, 
though she did not shun it She was inclined to be somewhat reticent and evasive 
in a first contact, but seemed quite frank later She was generous 

The patient was not unduly bound by principle or by a sense of loyalty She 
left her emplojers without much cause and she had no religious or social duties 
that she considered very important She was inclined to be stubborn 

Mood The patient had no v ery distinct mood She said that she was inclined 
to be pessimistic, but that she used to be optimistic Her mood was fairly stable 
She said that she was pouty and sulky as a child She took a long time to get over 
real sadness, but stopped crying easil} She said that she nev er forgave a wrong 
She was inclined to be worrisome a^id irritable She is rather easily frightened and 
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got palpitation and cliilh sensations while this occurred She did not perspire She 
had fainted from fright at times She was rather impulsive 

Adaptation Imperative The patient was not very ambitious, courageous or 
inclined to lead She derived her deepest satisfaction from the love of her son She 
liked theaters, dining out and music She used to enjoy outings in the country, but 
had not been on one for eight years She was not religious or interested in social 
work or politics She read very light fiction (cheap love stories) 

This woman, like the one in case 17, enjoyed games and playing 
with bo}S She successful!} supported herself aftei hei husband’s death 
She preferred to woik wuth men and was a successful executive Her 
mantal and sex adjustments were not good 

CvsE 19 (31557) — Gastuc Ulcct (Lcssci Cmvatni c, P 0 ) 

Pctsoital Htstoiy — The patient’s birth and early development were probably 
normal At 13 j'ears she had rheumatic fever and was ill for fourteen weeks She 
went to work at sewing when 13 or 14 years of age She recalled that a man 
chased her for some immoral purpose when she was 13 or 14 She said “I was 
so frightened I could’nt speak” She had little chance for social life between 18 
and 25 years of age Her gastric sjmptoms dated back about forty years, or to 
when she was about 20 years old 

The patient married at 35 , she knew her husband ten j ears before she married 
him Her married life was not particularly happy, she said she married twice 
She had had no sex knowledge till the age of 14 Sexual adjustment w'as verv 
difficult, and she had great difficulty with her labors 

Pnsonahty — The patient was fairly quick to learn She w'as good at mathe- 
matics and history, but disliked geographj' She was inclined to be somewhat dis- 
tractible in conversation, though she was very intense in her concentration She 
was certainly not inclined to day dream or to be introspective Her auditory 
memorv was fair, her visual memory, poor, and experience memory, good 

The patient was matter of fact in her attitude toward the usual things of life, 
and her judgment was good She, however, did not plan well, but took things as 
thev came to her She had never been able to save money She was handy with 
tools and had been an excellent seamstress 

She w^as naturally a hearty eater, but had had gastric difficulty so long that she 
had become a careful eater and avoided meat and spices 

The patient was fond of attention She was inclined always to be active, “on 
the go,” probably overactiv^ enthusiastic and somewdiat aggressive It vv'ould seem 
that her sex differentiation was not complete She never adapted well and 
declared that she would never marry if she had to do it over She had been a 
good deal of a tombov and loved outdoor games to the exclusion of dolls 

The patient was quick in her reactions She showed embarrassment easily Hei 
reaction to painful stimuli vv^as markedly rapid and exaggeratedly fearful She was 
rather easily suggestible She was gregarious, and became lonesome easily She 
was inclined to be confidential and apparentlv was not verv reticent She was 
generous to a fault 

The patient would be classed as an intuitive extrovert She vv^as not bound by 
principle and was not loval She was somewhat of an opportunist She was 
usuallj' happy but quite changeable She was quicklv' excitable, she was not 
inclined to brood or vvorrv She was rather aggressive 
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The patient had many recreative activities She enjoyed music and the drama, 
but disliked reading She hated the movies She was not particularly religious 
or inclined to politics She had little tendency to control her appetites 

This v\ oinan is mattei of fact and hand}' with tools She is unusually 
active and aggressn’'e foi a woman As a child she was a “tomboy” 
and spumed dolls Her two maiital experiences weie not good, and 
her whole sexual adjustment was difficult 

The following excerpts fuithei illustiate the point undei discussion 

Gastiic Ulcej Females — The following cases aie tvpical of the t}pe 
mentioned 

Case 20 — The patient was married at 21 j'cars of age Hei husband died 
young, leaving her with tour small children By doing waitress and chamber-maid 
work, she had managed to support the family very well The educational oppor- 
tunities were such that she was not fitted to do other work She said “I work 
too fast, my reason tells me one thing and my emotions another I have never 
had time for the usual good times of woman ” She was never interested in remar- 
rying She was the joiingest child of a large family, and a difficult stepmother 
situation colored her earlj childhood 

Case 21 — The patient was married at 24 to a man younger than herself This 
patient showed unusual control over her emotions Her feeling was suppressed by 
reason She assumed a protective role toward her husband She was very proud 
of her expert tailoring abilities (This woman was of the thin tjpe, but hei gen- 
eral appearance was quite feminine ) 

Duodenal Ulcei Female — The following case is typical of the type 
mentioned 

Case 22 — The patient hated the idea of being a girl and so well adapted herself 
to a male role that her brothers were always willing to take her hunting and fish- 
ing with them She spent her spare time in the carpentry shop of her father She 
married at 17 years The family made the match The marriage was distasteful 
to her Her husband died when she was 20 years old and left her with two small 
children As a housekeeper in wealthy homes she had supported herself and the 
children She had been called on for a good deal of executive work She claimed 
that she had many opportunities for remarriage, but had never been interested 
Her daughter was a pathetic, flat chested old maid school teacher, who had appar- 
ently never been allowed to have much life of her own, but had rather followed 
the dictates and plans of the mother The patient was quite masculine in appearance 

If one contemplates the qualities peiceived in the morphologic panel 
and in the case histones and excel pts, it is not difficult to see that 
the males present a surprising numbei of feminine attributes and the 
females much masculinity These conditions have been so striking and 
aie so closely related to sex reversibility and dualism that it has seemed 
best to discuss these phenomena separately The following section deals 
with the androgynous mosaic and especially with the psychologic reac- 
tions that aiise within the individual because of it 
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THE AEJTROGYXOUS MOSAIC 

Ihe stiange and perplexing aspect of femaleness within the male 
and maleness nithin the female is, of coiiise, not new The cncum- 
stance of andiog3ny has long been recognized, not only by biologists 
and philosophei s, but, geneiall>, b} most people In discussing the 
matter of sex leveisibiht} and duality within the same peison, Oscai 
Riddle wrote 

In general it can be said that whene\er the “pninarv” sex characteis (gonads) 
are reiersed, the “accessory” and “secondary” characters are reversed also For 
the reason that the primary sex character usually develops or differentiates earlier 
than do the so-called secondary ones, it happens that reversals occur more often 
and more readih in the secondarj than in the primary characters At once, there- 
fore, vc face the hard won fact that genetic (chiomosomal) difference normallj 
decides prospective sexuality, primary and secondary, but that this chromosomal 
difference is not the real or ultimate cause of sex difference — since usable agencies 
ma^ secure either sex from the same chromosomal complex 

A little turthei on, altei a discussion of the distiibution of X 
and Y chromosomes, the following statement appeals 

The difference in kind is often visible in the sex chromosomes (X and Y) and 
sex determination normally follows the distribution of X and Y, it is not chromo- 
somes as such, however, but genes carried in all chromosome-antosomes and sex- 
chromosomes that exercise this influence upon the oiigin and development of 
sexuality This genetic complex, whether prospectively male or female, contains 
also a numerous minority of genes predisposed to the formation of the opposite sex 
cvtology has thus discovered and provided a basis for bisexuality in the indnidual 

In human beings theie aie plenty of examples ot sex i evei sibilit} 
rims for instance, virihsm in the female has been descnbed by 
Gallais,^^ Holmes and otheis m association with tumors of the supia- 
lenal gland The obseivations of Riddle on pigeons and doves, of 
Finlay on fotvls and of Meisenheimer and Hegner on insects add 
fuither suppoit to the belief that theie is a definite sexuality of the 
soma which is expiessed in the secondaiy chaiacteis of the indnidual 
legal dless of the presence oi charactei of the gonad In this con- 
nection attention ma) be called to oui eaihei suggestion”" that in 
those maladies m which one sex is definitely moie often aftected than 

14 Riddle, Oscar Factors m the Development of Sex and Secondary Sexual 
Characteristics, PInsiol Re\ 11 63, 1931 

15 Gallais, A Le sMidrome genito-sur renal, Pans, 1912 

16 Holmes, G Quart J Med 18 143, 1925 

17 Finla}, G F Brit J Exper Biol 2 439, 1925 

18 kleisenheimer, J Geschlecht und Geschlechter Jena, Gustav Fischer, 1921, 
\ols 1 and 2 

19 Hegner, R W The Germ-Cell Cycle in Animals, New York, The Iilacmil- 
lan Company, 1914 

20 Draper, G The Influence of Sex upon the Constitutional Factor in Dis- 
ease, New’ York State J Med 25 1065 (Dec 1) 1925 
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the othei, the selective susceptibihtj ma) very well be looked on as a 
secondaiy sex character The eftect of this cuiious aiiangement on 
the behavioi of those species which lespond, without calculation, to the 
piessuie of instinct is definite enough in lespect of the attitude of one 
sex toward the othei Indeed, uhen a sex leveisal is achieved exj^eii- 
mentally, the somatic secondary sex chaiacteis alwa}s change, but so 
does the animal s psychology as displayed m modified conduct and 
demeanoi Thus there seems to be little question that sex i eversibility 
and duality in the individual are biologic facts, not only in the lower 
animals, but also in man 

In man, howevei, the situation becomes infinitely complex because 
of his elaborate ps 3 '’chologic stiuctuie Not only is he foiced to make 
satisfactoiy (i e, life-pieservmg and peipetuating) adaptations to the 
physical univeise, but likewise he is continually diiven to the task of 
establishing and maintaining an adequate adjustment of his peisonal, 
iniiei “man-envnonment unit” This psychologic unit is composed of 
his own idealized ego with its satellite emotions and the environment 
piojected by his phantasy In the life of piimitive man, it is cleat that 
physical stiength and spiritual detei mination weie the suiest guaiantees 
of seem ity amidst the many dangei s of his sui i oundings Consequent!} , 
the viiile attributes were especially desirable They aie the qualities 
that give to then possessois powei ovei both animate and inanimate 
natuie The individual, man oi woman, who holds such powei obviousl}^ 
has a bettei chance of survival than the one who lacks it If this be 
tiue then maleness must foim the biologic foundation on which lests 
the instinct of self-pieseivation In compaiison, femaleness is incom- 
plete, inadequate This conception of the significance of maleness and 
the lelative insignificance of femaleness has an important beaiing on 
many psychologic pioblems that arise in the lives of human beings, 
and especially those that relate to the phenomenon of androg}ny 

In almost all animal species many moie male than female embiyos 
aie started Thus, in the human species, it has been shown that foi 
eveiy 100 aboited female embryos there aie 160 males At term, fioni 
104 to 106 living males are boin foi every 100 females But at the 
end of the fiist yeai, there are 103 living females for every 100 males 
It would seem, theiefore, that the othei instinctive urge, namely, that 
of lace preseivation, put a higher value on females than on males 

Femaleness thus appears to be essentially concerned with the safety 
of lace or species, just as maleness is with that of the individual or self 
But the problems presented to physicians by disease piimaiily concern the 
safety of the individual Possibly it is for this reason that the perception 
of the female compound of the andiogynous mosaic is often so disturbing 
to human beings A man who possesses that degiee of femaleness 
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\\hich threatens the authenticity ot his essential inaleness becomes sub- 
ject to deep-looted, unconscious feais lest he fail in his attempt to play 
successtully the masculine lole in life Sometimes the lecognition of 
the magnitude of this female component may have been vaguely oi 
shaiply lecognized m consciousness, as it was by the patient m case 1 
But even in that instance, the consciously presenting oi vocalized feai 
was of homosexuality, although the di earns spoke otheiwuse More 
often the feai of masculine faihiie has not leached consciousness at 
all and finds vicaiious expression m violent efforts to displaj unusually 
Mrile capacities of mind and body and in the eiotic conquest 



Fig 8 — Distiibution of male and female components m peptic ulcer and gall- 
bladder people 

In the case of the female the mechanism is piactically the same If 
theie IS an} diffeience it is moie in degree than m kind The histones 
and excerpts show'ed that among the women theie w’^as a strong trend 
tow'ard independence of action m life, desire to dominate and direct the 
course of otheis and to assume responsibility In addition, they all 
lepoited a distinct low^ering of sexual interest 

Figuie 8 presents schematically our conception of the distribution 
of the male and female component m relation to gallbladder disease 
and peptic ulcer It will be observed that the most feministic contours 
are found in the gallbladdei individuals and that these gradually dis- 
appeai through the series until they are least noticeable in the gastric 
ulcer The sex s}mbols above the figures are intended to suggest the 
relatne proportion of male and female m the individual, and it woll be 
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obseived that theie is a diminishing amount of fenialeness in the dnec- 
tion of the gastiic ulcer person But the psychologic leaction of these 
persons to then unconscious peiceptioii of then female component is 
appal ently in mveise latio to the actual content as indicated This 
inci easing leaction, which is actuall)'^ the feai that the male has foi the 
feminine component, is indicated hy the ciicles with an increasing 
diametei juxtaposed to the sex symbols This mechanism is reflected 
in the increasing latio of females to males among duodenal, pyloiic and 
gastiic ulcei, i espectively, which was pieviously refeiied to in St 
John’s'^ repoit The figuie on the extreme left represents the person 
with peinicious anemia This individual is neaiest to the neutei or 
species type It is lefened to the hvei because of the relationship 
between the livei and blood-forming mechanism which has recently been 
demonstiated With this hiief explanation of the figuie the reader 
will, on completing a perusal of the case histones, he able to perceive 
fuithei significance in the diagram 

Attention might also he called to the fact that among duodenal 
ulcei s a far greatei numbei of patients begin then symptoms before 
the age of 25 than is the case among gastric ulcei s Thus Blackford 
and Dwyer found that in a senes of 250 cases 50 pei cent of the 
duodenal gioup lepoited that their s}mptoms began befoie the age 
of 25 In the gastric gioup less than 25 pei cent showed symptoms 
befoie the age of 25 yeais The most natuial time m his life foi a 
man to sense the tin eat of a too great feminine component is at the 
end of adolescence It is then that he is appioachmg the moment when 
he will have to take his place m the competitive woild and begin to 
assume the full i esponsibihty which falls to the lot of the male Among 
the gastric group, in which the female component is less marked, it is 
not so apt to he appreciated until the full pressuie of an adult male’s 
responsibility falls on him 

At this point it IS not only of histoiical mteiest but also of aid m 
compi ehendmg these mechanisms to lefer to Fi end’s writings on 
the subject of human psychosexual development He pointed out that 
in veiy early childhood the clitoris and penis are analogous in lespect 
of then ei otogenic sensibility Fuitheimoie, the evidence of sex differ- 
entiation in attitude and hehavioi appeals early in the greatei shyness, 
modesty and timidity of girls At puheity in boys the urge toward 
sexual activity and prowess is augmented in association with the rapidly 
inci easing size of the external genital oigans and the physical strength 
of the muscles geneially On the other hand, in girls the onset of 

21 Blackford J , and Dwyer, M Peptic Ulcer A Clinical Study of 250 Cases, 
Tr Am Gastro-Enterol, A 29 112, 1927 

22 Freud, S Drei Abhandlungen zur Sexualtheone, ed 5, Leipzig, Franz 
Deuticke, 1922, translated by A A Brill, New York, 1910 
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mensti nation and the obvious failure to develop fuithei and convincing 
eMdence of ^^hat has been a moie or less successful identification 
compaiison with the male mciease the protecting vails of shyness and 
modest} EMdence of having been outstripped m vigoi, not only by 
demonstiation ot muscular strength, but also through the symbolism of 
vinle sexuality, is overwhelming In the face of these handicaps, many 
\oung women, especially in this day of general inteiest m athletics, 
resent the fact of their femaleness This attitude is well illustiated 
by the case of a patient whose mensti nation did not begin until she 
was 19 yeais old, and who, up until the age of 35, notwithstanding hei 
unusuall} feminine appeal ance, still lesented being tieated chivahously 
by men and moie than an} thing else feaied lest she play the idle of 
clinging vine Fi end’s basic obseivation and theoi} that the individuars 
psychologic leaction to life begins as male m both sexes and is sub- 
sequently aiiested at puberty m the female go fai to explain the intense 
eftoit of males to repudiate any suggestion of femaleness within them, 
and of females to stiive to achieve and hold some evidence of residual 
maleness Adlei -® subsequently seized on this thesis and elaboiated it 
into his nev well known concept of the “masculine protest ” 

The impoitance of the androgynous mosaic in detei mining the con- 
stitutional leaction to enviionment is theiefoie veiy great On the one 
hand, it influences the immediate physical reactions of the indnidual to 
his palpable environment, and, on the othei, profoundly affects his 
subjective ps}chologic intei pi etations of life expeiience The cieative 
toice that ve blindly call “mother natuie” seems to be chiefly occupied 
with the continuation of the life principle, with the maintenance of 
species She is not concerned at all with the fate of the individual 
The lattei must look out foi himself by his ovn effort Foi natuie’s 
puipose, then, females, among bisexual foi ms at least, aie evidently 
moie Aaluable than males Femaleness displays a lowei metabolic late, 
IS anabolic and lepiesents conseivation generally It follows fiom this 
piemise that in pioducing a male creatuie natuie is moving fmther 
from hei fundamental pattern than vhen she pioduces a female, thus 
the male individual is moie widely diffeientiated fiom the species type 
than IS the female For this leason, it is not impossible that males 
possessing a ^ely high degree of femaleness aie moie common than 
temales v ith great masculinity 

Ps}chologically, howevei, the individual male cannot accept his 
female component vith equanimity The mam exception to this seems 
to be in the case of the male of the gallbladder race The degree of 
femaleness in such men is expressed v'-ery strongly in the soma as well 

23 A.dler, A The Neurotic Constitution, 1912, translated bv B Glueck and 
T E Lind New York, Moffat, Yard &. Company, 1917 
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as in the psjche Coiisequenth , he seems to be less in conflict, and 
thus better able to accept the teminine component His disease is 
analiohc The significant diffeience between the males of the gall- 
bladdei and ulcei laces, theiefoie, is one of ps}chic oi emotional reac- 
tion to the feminine component The gallbladdei male accepts it, the 
ulcei male denies it From this conflict arises the feai m the subcon- 
scious mind of the potential ulcer patient that when the ciucial test 
comes he tMll tail to pla} the masculine idle successful]} This ele- 
mental emotion, uhich might uell be teimed the essential male feai, 
toims a continuousl} piesent and active substiatum of appiehension 
The amount and intensity ot that foundation obviously vaiy depending 
on the actual balance of the opposite sex qualities vithm the individual, 
and also on his constitutional sensitiveness to the thieat of the female 
component 

Supei imposed, then, on this chionic layei of anxiety is the acute 

01 pi ecipitatmg feai occasioned by the tiansient menace to life limb 

01 ego This is pioduced by the shocks so fiequent, foi example, in 
the lives of taxi driveis, bank messengeis and peisons whose occupa- 
tions aie such that a mistake means the loss ot position by dismissal 

But the questions ma} well be asked nhethei this andiogynous 

conflict IS not piesent in all human beings, and if so win do not many 

moie, if not all, people ha^e ulceis^ Quite obviously the phenomenon 
ot andiog}ny is common to all peisons, although the amount and dis- 
tiibution of the opposite sex component vaiy Thus m a piimaiy male 
the secondaiy female inclusion may be expiessed wholly m one ot his 
toui panels of peisonahty, oi scatteied between twm oi moie Still 
moie impoitant, howevei, is the person’s subjective psychologic i cacti on 
to the feminine attiibutes This is detei mined by his constitutional 
t\pe The specific i espouse ot a peison to an emotion such as fear oi 
angei is as much an expression of his constitution as is his reaction to 
bacteiial oi chemical insult 

The mechanisms that have just been discussed aie active in the 
deepei levels of the mind, fai below'- conscious thinking Foi this reason 
they cannot be approached dii ectly by explanation and argument Some 
patients can be helped and even cured through the indiiect attack of 
vaiious forms of suggestion theiapy or leeducation But in oui expeii- 
ence theie aie giownng indications that in the principles of anahtic 
psjchology aie to be found the ways to explanation and cure of all the 
functional disoideis of the gastro-mtestmal tract How'evei, a dis- 
cussion of the lelative value of different methods of psychologic diag- 
nosis and theiapy does not properly belong in this communication 
Rather has the attempt been made to show' that an intimate study of 
the “man-environment unit” may be at least as illuminating as aie the 
investigation and treatment of the diseased organ itself 
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SUMMARY 

Unlike those medical investigations in which definite pi oof can be 
ofiered, the present study is concerned with phenomena that do not 
lend themselves to absolute determination Yet theie are important 
diagnostic and theiapeutic implications contained m the coi relations of 
total peisonahty studies with recognized psychologic complexes and 
ceitam functions of the endociine glands and the sympathetic nervous 
s} stem 

To summarize, then, it ma) be said that the ulcei lace families 
seem to pioduce a piepondeiance of males, and that these males aie of 
the long thin t}pe Fuitheimoie, not only m then moiphology, but 
also 111 then psychologic make-up, they display a well maiked emphasis 
on the feminine component of the andiogynous mosaic Feai, which is 
cleaih an important factoi in the digestive distuibance of the gastiic 
ulcei race, is of two soits Fust, theie is the chronic substiatum of 
anxiet} due to the pei son s constitutional sensitiveness to the threat of 
the female component This is the elemental emotion which results in 
the masculine piotest Second, theie is the acute oi precipitating feai 
occasioned by the accident oi insult which piovides a tiansient menace 
to life, limb 01 ego 

It vould seem that the peptic ulcei race was composed of peisons 
of definite constitutional type These people possess qualities of soma 
and ps3fche vhich can be easily recognized When the health} balance 
of the “man-envii onment unit” is distuibed SAmptoms in the domain of 
the sympathetic neivous S}stem and gastio-intestinal tiact develop 
The “man-envn onment unit” distuibance can often be corrected peima- 
nenth b} the use of appropriate psychotherapeutic methods Analytic 
psrcholog\ at present seems to offer the best attitude of approach 



EFFECT OF LIGATION OF THE PAROTID DUCT ON 
THE CARBOHYDRATE METABOLISM OF 
TOTALLY DEPANCREATIZED DOGS 


LEO M ZIMMERMAN, MD 

AND 

SAMUEL SOSKIN, MD 

CHICAGO 

In anotliei study, ^ the lesults of ligation of the parotid duct on the 
carbohydiate toleiance of noimal dogs were reported In these animals, 
it was found that the tolerance foi dextiose, as detei mined by the blood 
sugai cuive following the intravenous injection of dextiose solution, 
was definitely increased by ligation of the parotid ducts As a step m 
the study of the mechanism of this action, the effect of ligation of the 
parotid duct ivas detei mined m a senes of totally depanci eatized dogs 
Mansfeld and Schmidt ^ found that after paitial extiipation of the 
pancreas (Sandmeyei diabetes) the lesultmg disturbances m caibohy- 
drate metabolism were greatly relieved by ligation of the parotid ducts 
In one animal in which the entiie pancieas had been removed they were 
unable to detect any improvement following ligation of the pai otid duct 
Seelig^ found that ligation of Stenson's ducts did not pi event animals 
fioni dying aftei panci eatectomy Extirpation of the pancieas, how- 
evei, m animals m which the parotid ducts had pieviously been ligated, 
did not lesult in as high blood sugar values as weie obtained m those 
111 which the salivaiy ducts had not been occluded Furtheiniore, these 
animals exhibited better wound healing than did those without ligation 
of the duct, and thej' did not suffei the chaiacteiistic, rapidly piogres- 
sive cachexia of pancreatectomized dogs In a few eailier, inconclusive 
expel iments, we found that ligation of the paiotid ducts m no way 
affected the rapidly downwaid couise of dogs following total extirpation 
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of the panel eas In the experiments to be clesciibed here caieful 
metabolic studies ^eie made in a senes of thiee dogs that had leco^eled 
follouing total pancreatectomy Aftei an adequate peiiod of obsena- 
tion, the paiotid ducts ueie ligated, and the studies were continued 

METHOD 

Compietel^ ciepancreatized dogs were used for this work The animals were 
allowed to reco\cr completeh from the operative procedure with the aid ot insulin, 



Clines showing the e\cretion of dextrose and nitrogen betnre and after ligation 
ot the parotid duct in three animals 4 D and F 


and presented w'ell healed, nonmtected wounds Thee were maintained on a meat 
sugar, raw' pancreas and insulin regimen throughout these experiments In each 
case the diet and insulin w'ere kept as constant as possible throughout the entire 
period ot obsenation The amount of insulin used in the different experiments 
was graded, so as to maintain different levels of ghcosuria m the different animals 
After a control period of from tw'o to three months, both parotid ducts w'ere ligated 
under a brief ether anesthesia and obsereations were continued as betore Dog F 
was followed for almost three months after the ligation w'as performed Twent}- 
four hour specimens ot urine were collected at mtereals throughout each experi- 
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nieiit and analyzed for nitrogen by the Kjeldabl method, and for dextrose by the 
Somogyi ^ modification of the Schaffer-Hartmann technic The lesults are pre- 
sented in graphic form in the accompanying chart 


COMMEKT 

In the <iccompan3ang chait, which shows the excietion cuives iii 
thiee animals, both before and aftei ligation of the paiotid duct, it is 
noted that the dextrose output is faiily uniform The curve is appar- 
ently more constant in the animal that was kept at a low level of 
glycosuiia than m those with a higher excretion of dextrose The 
nitrogen output is uniform, and serves as a check foi the excretion of 
dextrose There is no striking change in the level of gl3Cosuiia as a 
lesult of the ligation of the paiotid duct It Avould theiefoie seem that 
ligation of the parotid ducts has no eftect on the carbohydrate metabo- 
lism of totally depanci eatized animals 

These results, which coincide with others reported, as mentioned 
earlier m the paper, rvould indicate that the factor that increases the 
carboh3'’di ate tolerance of normal dogs as a result of ligation of the 
parotid duct is incapable of action when the pancreas has been removed 
This suggests that it is not primarily an msulm-like action, but that it 
opeiates through the pancieas, possibl3^ in a stimulating or actn'ating 
manner The f ailui e of its action m the panel eatectoniized animal does 
not prove, of course, that the operation would be without effect m cases 
of diabetes in human beings 

CONCLUSIONS 

Ligation of the parotid ducts exeits no demonstrable eftect on the 
car boh3'^di ate metabolism of totall3'^ depanci eatized dogs The factor 
that IS responsible for the inci eased dextrose tolerance following liga- 
tion of the parotid ducts m normal animals, therefore, piobabl3'- does not 
have a direct, insuhn-like action, but rather opeiates through the 
pancieas as an activating or stimulating agent 

4 Somogyj, M A Method for the Prepaiation of Blood Filtrates for the 
Determination of Sugar, T Biol Chem 86 655 (April) 1930 



SUBACUTE BACTERIAL ENDOCARDITIS DUE TO 
STAPHYLOCOCCUS ALBUS 

REPORT or A CASE 

BENJAMIN STICK, MD 

NEW YORK 

It IS my endeavor to present the clinical, bactenologic and patho- 
logic findings as well as the daily progress in a case of subacute bacterial 
endocarditis due to Staphylococcus albus, with a view toward the further 
study of the disease caused b> this group of bacteria 

The clinical and bactenologic manifestations of subacute bacterial 
endocarditis have been carefulty studied and described by a large num- 
ber of clinicians, both in this country and abroad In a study of 5 cases, 
Schottmuller ^ found Streptococcus mitior (viridans) as the cause of 
this type of bacteiial endocarditis In a study of 97 cases of subacute 
bacterial endocarditis, Hordei ■ found 62 due to streptococcus, 19 due to 
Staphjdococcus aureus, 5 to influenza bacilli, 3 to gonococcus and 1 to 
sti eptococcus and staph)dococcus Osier’s® study of 10 cases, in 6 of 
which cultures of the blood were taken, showed negative results in 3, 
streptococcus in 1 and staphylococcus in 1 In the exhaustive studies of 
Libman and Cellar,^ as well as in Libman’s ® later studies of the at}pical 
forms of subacute bactenal endocarditis, duiing which positive cultuies 
were obtained, the bacteiia most frequently found as the cause was 
Streptococcus viridans Lenhartz,® in his stud}'' of 37 cases, found 19 
due to streptococcus, 9 to pneumococcus, 7 to Staphylococcus aureus, 1 
to gonococcus and 1 to Staphylococcus albus Clawson,^ in a study of 
46 cases, found 34 caused by streptococcus, 5 by pneumococcus and 7 
by Staphylococcus aureus In his report on cases of subacute bacterial 
endocarditis from the Johns Hopkins Hospital, Thayer,® found the 
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following gioups among the 137 fatal cases that came to neciopsy 
stieptococcus, 60, Staph 3 dococcus aureus, 26, pneumococcus, 26, gono- 
coccus, 19, Staphylococcus albus, 4, pyocyaneus, 1, and anthracis, 1 
These figures show that the streptococcus is the type of bacteria that 
most fiequently produces subacute bacterial endocaiditis The bacteria 
next m frequency is Staphylococcus aureus, with pneumococcus and 
gonococcus following Last comes Stapltylococcus albus 

REPORT or A CASE 

Histoi y — E F , a white girl, aged 16, was admitted to the People’s Hospital, 
New York, on Feb 4, 1931 She had had the ordinary diseases of childhood 
Otherwise, the past history was unimportant About six months prior to admission 
to the hospital, the patient was working hard and long hours, from 8 a m to 
10 p m About four months before admission, she began to feel weak and became 
nervous and lost her appetite She had pains in the joints of all the extremities, 
but there was no swelling On Jan 21, 1931, two weeks before admission to the 
hospital, the patient was sent to the country, where she contracted a cold and 
cough with pain in the chest and occasional headaches She became more pale 
and nervous She returned to the city and was admitted to the hospital The 
chief complaints on admission were pain in the chest, cough and asthenia 

Physical Examination - — The patient was well developed, markedly pale and 
somewhat emaciated The skin was moist and clear, no rashes or petechiae were 
seen The pupils were equal and reacted to light and in accommodation, the 
conjunctivae were clear and pale The mucous membrane of the mouth was pale, 
the tongue coated, the pharynx slightly congested and the tonsils small and cryptic 
No pus could be expressed from them The ears were normal The heart was 
moderately enlarged, a loud systolic murmer was heard at the apex and was 
transmitted over the entire cardiac area to the left axilla posteriorly and to the 
mterscapular region Examination of the lungs revealed normal resonance, 
vesicular breathing and no rales The abdomen was soft, with no area of tender- 
ness, the liver and spleen were not palpable The extremities were normal, the 
patellar reflexes were normal, there was no Babinski or Kernig sign The 
genitals were normal 

Coiiise — On admission, the temperature of the patient was 102 F , the pulse 
rate, 132, the respiratory rate, 24, and the blood pressure 110 systolic and 60 
diastolic The patient appeared comfortable and did not complain of anything 
except asthenia Roentgen examination of the chest gave normal results During 
the patient’s stay at the hospital, the temperature ranged from 99 to 104 2 F , the 
average being between 101 and 103 F 

February 16 The patient complained of pain m the left forearm The tem- 
perature rose to 103 2 F Examination showed no areas of redness or swelling 
The tenderness was along the muscles of the painful area 

February 19 Physical examination showed the cardiac condition about the 
same The spleen was moderately enlarged but not tender, and was felt about 
1 inch below the free border of the ribs No petechiae were found 

February 25 The patient complained of pain m the finger-tips There was no 
swelling or tenderness in any of the joints of either hand 

March 4 A transfusion of 350 cc of blood was given by the Unger method 
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March 5 The patient had a slight chill during the night which lasted about 
two minutes, and she coughed at times Reexamination ga\e negative results 
!March 14 The patient %omited appeared drows)" and complained of pain in 
the joints 

At intervals of a few dajs thereafter she showed the following sjmptoms 
weakness and pain in the muscles of the right leg, increasing apathy, no desire 
for food, twitching of the facial muscles and aphasia 

A second transfusion was performed , 400 cc of blood was given , this had no 
effect Her condition became graduallv worse, incontinence developed followed bj 
hemiplegia on the right side and dysphagia 

On March 30, the patient went into coma, and petechial hemorrhages appeared 
on the conjunctiva of both lower evelids 

Her condition became progressnelj'' worse, and she expired on April 2 
Laboi ato) y Data — Cultures of the blood on February 4, 5 and 17 gave negatne 
results after nmetv-six hours A culture made on Februarj'^ 28 w'as positue for 
Staphylococcus albus after nuiety-six hours Positive cultures for the same organ- 
ism w'ere again obtained on Jilarch 11 and 24, after seventv-tw'O hours 


Ho^f)ifal Chat f of Laboiafoi y Obscivatwn<; 
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In ordei to eliminate all possibility of contamination, the culture made on 
March 24 w'as taken in the operating room prior to the transfusion of blood 

Daih urinalysis showed an average specific gra\ itj of about 1 022, albumin, 
4 plus, no sugar and no acetone or diacetic acid Microscopic examination showed 
In aline and granular casts but no red cells 

Reoopsy — Autopsj w^as performed on April 2 Cultures from the pericardial 
fluid showed a growdh of colonies of Staphj lococcus albus after three dajs A 
culture of valve v'egetation show^ed a growth after seven davs Transplanted 
smears showed Staphj lococcus albus 

The heart, lungs, kidnejs, spleen and liver were examined 
Macroscopic examination disclosed numerous petechial hemorrhages seen on 
the parietal and visceral pericardium Near the apex of the left auricle there 
were adhesions between the vusceral and parietal pericardium wdiich w'ere easilj 
broken The pericardial fluid w as increased 

There was dilation of the right side of the heart, with hypertrophj" of the left 
The mitral valves w^ere almost entirelv destroyed bv ulcerations, and were replaced 
bv fragile vegetations of various sizes The cusps were fused and narrowed On 
the wall of the left auricle there was a small area of vegetation The other valves 
were normal 
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The pleural ca\ities were clear The left lung was adherent to the uall of the 
chest There were no areas of consolidation The right lung was the seat of 
numerous infarcts, some of which had broken down and were surrounded bv red 
areas of consolidated lung tissue 

T- he liver appeared normal The spleen was markedly enlarged, and show ed 
a number of infarcts, some old and healed, others fresh and white 

On section, the left kidney showed scarring from old infarcts 

Microscopic evamination of the lungs showed chronic congestion wuth scattered 
areas of lobular pneumonia 

The spleen showed congestion and edema, infarction with beginning fibrosis 

The kidneys showed congestion and edema of the tubules 

The heart showed ulcerative endocarditis , the muscles of the heart show ed 
scattered areas of round cell infiltration No Aschoff bodies were present 

Bactenologic examination of stained tissues show'ed all organs to be negatne 
for bacteria, except the vegetation of the valves w'hich contained gram-positive 
COCCI in groups, but no chain formation 

SUMMAR\ 

Chnicalh, this case beats such close lesemblance to the t_\pe of sub- 
acute bacteiial endocarditis caused by the Stieptococcus Auiidans, as 
descv ibed by Libman and Cellai ^ and by Ltbman ® in hts later studies 
of the atypical foiins, that the clinician may easil}^ be misled in diag- 
nosing this case and classifying it as one caused by the Stieptococcus 
viiidans weie it not for the blood cultures There aie, howevei, in this 
case, a few clinical points which differentiate it from the cases desciibed 
by Libman 

Although on seveial occasions the patient complained of pain in the 
joints and muscles, at no time was there any visible swelling, ledness oi 
heat changes in the disturbed parts There were no corresponding 
changes m temperature that would be expected with such conditions At 
no time during the patient’s star at the hospital could substeinal tender- 
ness be elicited Petechial hemorrhages did not appear until three dais 
before death, although embolic phenomend appealed in othei paits of the 
bod\ 

The appearance of the patient suggested severe anemia but there 
was not the cafe an lait color described by Libman 

This case differed clinically and pathological!} fiom the cases 
described by Thayer ® In all of Ins cases there was a known focus of 
infection Of the four cases described, the first was a mixed infection 
with tvphoid intestinal hemorrhages, the second was a case of pulmonaiy 
tuberculosis with caiities of the lungs, syphilitic aortitis and chronic 
valvular lesions, the thud was a case of pulmonary tuberculosis and 
incapsulated interlobar empyema, and the fourth was of acute onset fol- 
lowing paronychia with high tempeiature and all other symptoms of an 
acute infection In this case the white blood count nas 44,000 The 
patient died in twentv-thiee da}s In all of his cases the observations 
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on the blood and the hemoglobin peicentages vaiied maikedly from those 
of the case heiewith repotted The red blood counts ranged from 

3.604.000 to 3,761,000 The hemoglobin peicentages weie between 63 6 
and 64 3 In three of the cases, the white blood count was between 

8.000 and 10,000 With the exception of one case, the duration was 
from three to four months The myocardial changes weie insignificant 
Peiicarditis was not observed The vegetations in the valves were 
laige, except m the case of typhoid fevei 

The case described by Lenhartz ® vaiied fiom the case reported in 
that the onset was acute, following tiauma, and the course was short 

Dr Held, Dr Diamond, Dr Dubovsky and Miss Gold, the laboratory technician, 
gaie assistance and suggestions in this work 
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CLINICAL COURSE 

Month of Onset of the Choiea — ^The available mateiial has been 
caiefully studied with lespect to the month of pregnancy in which the 
choiea fiist manifested itself Data on this subject were available in 
670 cases The choieic attack preceded the piegnancy in 38 cases It 
developed in the fiist tiimester in 312 cases, in the second in 219 cases 
and in the thii d in 101 cases, including 2 cases in which the attack began 
duiiiig laboi and 1 case in which it began on the second day post partum 
The distiibution of the onset by months is giaphically indicated in chart 
4 By a rathei rough appi oximation, it will be seen that one half of the 
attacks are initiated in the fiist tnmestei, one-thud in the second and 
one-sixth in the thud 

Dwahon of the Attack and Time of Recoveiy oi Death — Moie 
difficulty was expeiienced with the accuiacy of the data on this point 
than 111 any othei phase of the study, and the figures to be given are 
appi oximations in the niajoiity of instances 

Consideiiiig fiist the nonfatal cases, it was found that in 565 pieg- 
nancies the choiea ceased ante partum in 167 cases, iiitia paitum in 1 and 
post partum in 361, and it was reported to have continued indefinitely 
post paituni ill 36 The material was also studied with the view of 
determining whethei or not there was any difference in the pioportion 
of patients i ecovering ante partum or post partum accoi ding to the month 
of pregnancy in which the attack began, but no particular difference 
was found It is woitliy of note, however, that in only 1 case in which 
the choiea was present before conception did recovery occur during 
pregnancy, Mdiile in 18 such cases recover}'- did not take place until after 
deliveiy 

Theie were 118 cases in which recovery from chorea took place prior 
to delivery and in which a more or less accurate estimation of the 
duiation of the attack could be made Study of these cases gave the 
following results 1 attack lasted two days, 1, one week, 1, two weeks 
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1. thiee weeks, 31, one month, 37, two months, 23, thiee months, 
7 toui months, 6 , fi^e months, 7, six months, 1, seven months, and 2, 
eight months, an a^elage duiation of two and one-half months Theie 
weie 234 cases available for the study of postpaitum leco^ery The 
duiation of the attacks piioi to dehveiy was as follows less than one 
month, 34 cases, one month, 45, two months, 28, three months, 30, 
foui months, 26, five months, 15, six months, 22, seven months, 17, 
eight months, 17 On assigning an arbitiaiy value of two weeks foi the 
cases lasting less than one month, theie is an average duration piioi to 
dehveiy of thiee and thiee-tenths months In 132 of these cases, the 
time elapsing fiom delivery to recovery was found to be as follows 
1 attack ceased during laboi , 1 in thiee hours, 4 “imm ediateljd’ , 1 m 
one day, 5 m a “few da 3 rs” , 18 in less than seven days, 44 in the 
second week, 14 in the thud week, 15 in the fouith week, 21 in the 
second month, 3 in the thud month 1 in the fifth month, 2 in one yeai , 



Chart 4 — I^Ionth of pregnancy m which choreic attack began in 592 ca';es 

1 in eighteen months, and 1 in thiee ^eals Excluding the cases lasting 
one oi inoie 3 ears, the aveiage postpaitum duiation of the attacks was 
about ti\ent 3 -tvo da 3 'S Eleven additional cases m which the chorea 
began duiing piegnanc 3 '^ weie lepoited to have continued post paituin 
indefinite^ This mateiial was also studied to see if any 1 elation could 
be tiaced between the duration of the attack before and after delivei 3 ’’, 
but no such lelationslnp could be found 

In turning attention to the duiation of the fatal cases, it is found 
that 21 patients died undelivered after attacks lasting thiee, twelve and 
sixteen da 3 ^s, and one and three weeks in 1 case each , one month in 5 
cases, two months in 7 cases, and thiee months in 4 cases, thus, the 
aveiage duration of these twenty-one attacks was one and one-half 
months In 41 cases teiminating fatalty post partum, the antepartum 
duration of the choreic attacks was two da}^s in 2 cases, less than one 
month in 12 cases , one month in 9 cases , two months in 7 cases , three 
months m 6 cases four months in 3 cases and six and seven months 
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in 1 case each, an a\eiage antepartum duiation of one and six-tenths 
months In 24 cases terminating fatally postpaitum, the inteival 
between delivei} and death was one day or less in 5 cases, two days in 
9 cases, thiee, five, six, eight, ten, eleven, twehe, fouiteen and a “few” 
days in 1 case each and one month m 1 case In the last case, the choiea 
ceased two weeks postpartum, but the patient died of acute endocarditis 
two weeks latei On eliminating this case and the one lasting a few days, 
m 22 cases the aveiage time elapsing lietween dehveiy and death was 
about foul da} s 

Fiom these figuies it will be seen that the aveiage duration of 
attacks terminating during piegnancy in eithei lecovery or death is two 
and one-half and one and one-halt months, i espectively , the aveiage 
antepaitum duiation of attacks terminating in postpaitum lecover}- or 
death is thiee and thiee-tenths and one and six-tenths months, i espec- 
tively, and the aveiage time elapsing between dehveiy and postpartum 
recoveiy oi death is twent} -two and one-tenth and four and one-tenth 
days, 1 espectively 

These findings may be compaied with those of the lepoit of the 
British Collective Investigation Committee (Mackenzie) toi oidinary 
chorea Then data coveied the duration of 398 cases, of which 71 
lasted less than one month, 133 between one and two months, 95 between 
two and thiee months, 44 between three and tour months, 32 between 
toui and six months and 23 ovei six months For comparison with the 
cases duiing piegnancy, these figuies lepiesent an appioximate aveiage 
duration of between two and thiee months It will be seen that the fatal 
pregnant cases tend to lun a shoiter couise than this, that the cases in 
which lecovery occuis duiing piegnancy coincide closely, and that, as 
might be expected, the cases in uhicli postpaitum lecoveiy occuis 
aveiage appioximately twice the duiation of the controls Theie is 
certainl} no sti iking diveigence between the piegnant and the non- 
pregnant cases to be detected heie 

Clwica Rccunwg in Moie than One Piegnancy — Repeated attacks 
of choiea, the data on which aie given in table 1, aie of consideiable 
inteiest and impoitance Theie ueie 253 choieic piegnancies in 99 
patients, 69 patients had 2 choieic pregnancies, 18 had 3, 7 had 4, 4 had 
5 and 1 had 13, an average of 2 5 choieic piegnancies foi each patient 
The distribution of these in the vaiious pregnancies is given in table 8 

With lespect to the couise of the choiea in these cases befoie and in 
the mteival between piegnancies, it is interesting to note that m about 
two thuds of the 99 cases the repoits weie sufficiently accurate to show 
the complete cessation of the choiea between pregnancies, and this was 
true with pi opoi donate frequency in the cases giving a histoi} of 
choiea befoie the fiist piegnanci and those giving none It is also of 
inteiest to note that m the case of one patient (186 table 1) who had 
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never had choiea pnoi to piegnancj the disease continued post paitum, 
complicated 3 pregnancies and, appaiently, continued indefinitely after 
the third In anothei case the patient (199, table 1) had never had 
choiea oi iheumatism befoie the attack of chorea in her fiist piegnancy 
The inteivals between the first 3 piegnancies veie free fiom chorea, 
although It iccurred in all Following the third piegnancy the chorea 
continued, complicated the fomth pregnancy, and then continued until 
the patient’s death at 68 )''eais of age Altogether theie weie 16 
instances in which choiea occuiied for the fiist time duimg piegnancy, 
was absent in the inteival between and lecuired m subsequent gesta- 
tions , in 3 instances, 5 times 

T\ble 8 — Distiibnlion of Choiea m Vaiwiis Pi cgnancics in Same Patient 


^u^lerIcal Order of Pregnancies Complicated bj Chorea 


^ umber of Cases 


Pirst and second 

Pirst and third, second free from chorea 

first and fifth, second, third and fourth free from chorea 

First and thirteenth, others free from chorea 

Second and third, first free from chorea 

Second and third first unknown 

Second and sixth, others unknown 

Second and one other, number unknown 

Third and fourth, first and second free from chorea 

Third and fourth, first and second unknown 

Two pregnancies, order unknown 

First, second and third 

First, second and fourth, third free from chorea 
Second, third and fourth, first free from chorea 
Third, fourth and fifth, first and second free from chorea 
Three pregnancies, order unknown 
First, second, third and fourth 

First, second, fifth and sixth, third and fourth free from chorea 
Four pregnancies, order unknown 
First, second, third, fourth and fifth 
First to thirteenth, inclusive 


51 

2 

1 

1 

5 

1 

1 

I 

1 

1 

4 

12 

3 
1 
1 
1 

5 
1 
1 

4 
1 


The Effect of Choiea on Piegnancy — This may be studied from the 
data 111 646 cases In 314 of these, oi 48 6 per cent, piegnanc)’- was 
iinintei 1 upted and was terminated by spontaneous laboi at teim Of 
the remaining 332 cases, piegnancy was aitificially teimmated in 171 
instances and spontaneous!)'' prematurely m 161 The spontaneous 
interruptions were caused by premature labor in 63 cases, by abortion 
m 64 cases, occurred at an unknown period of piegnanc)'' in 1 case, by 
iiipture of an ectopic pregnane) m 1 case, and by death of the mother 
undelivered in 32 cases 

SYMPTOMS 

Movements ■ — It will be unnecessary to go into any detailed con- 
sideration of the symptoms The characteristic hypermotility and inco- 
ordination are pathognomonic and, as is pointed out b} many observers 
differ m no particular and are indistinguishable fiom those of Syden- 
ham’s chorea The movement is mostly general In the more severe 
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cases the patient is constantly in motion, and the incooidination is so 
extreme that she is absolutely incapable of doing an} thing foi heiself 
During sleep the movements usuall)^ cease 

Pcvci — The disease is usually afebiile Fevei, when it does occui 
IS of ominous significance, and h}peip}iexia may occui, the tempei- 
ature was 109 6 F in 1 fatal case and 108 F in anothei, with lecovei) 
Blood Piessinc — The blood piessuie is not altered In 14 dififeient 
obseivations, the s3'stolic lange was tiom 136 to 99 

Unne — The condition of the mine was mentioned in 97 cases, 
albumin was piesent in 42 and absent m 55 instances The piesence of 
casts IS occasionally noted 

Blood — Blood cLiltuies weie negative in 3 instances, and in 1 
Staphylococcus auieus was isolated The chemical status of the blood 
IS lepoited to haie been noimal in 1 obsenation In the febiile cases, 
a leukoc}tosis seems to be geneially piesent, m 8 obseivations the 
range was between 28,500 and 8,000 

On compaiing these symptoms with those of Sydenham’s choiea, 
it will be seen that the chaiacteiistic hypei motility and incooidination 
are identical Fuithei, theie aie piesent no symptoms oi laboiatory 
findings that in the slightest degiee indicate the piesence of any ordmaiy 
toxemia ol piegnancy, with the possible exception of the albuminuria, 
which, howevei, is frequently noted in an otheiwise noimal piegnancy 
and would be expected to be piesent occasional!} in a condition of a 
piesiimablv infectious oiigin 


CO At PLICATIONS 

The most fiequent complications aie acute psychoses, piobably 
usually of the intoxication exhaustion type, acute endocarditis and acute 
rheumatic fever, all of which aie identical with those of Sydenham’s 
choiea and are considered more in detail elsewheie Eclampsia occui red 
in 6 cases, which, consideiing the fact that 320 pregnancies were 
definitely stated to have gone to full term, would seem to be without 
special significance Three cases Aveie complicated by hysteiia and 2 
by epilepsy In 1 fatal case there were convulsions followed by coma 
and hemiplegia, probably of embolic origin 

DIAGNOSIS 

The diagnosis offeis no difficulties and is usually self-evident 
Hysteiia might occasionally have to be eliminated, as in the case of 
pseudochorea of hysteiical origin repoited by Marshall Royston con- 
sidered 1 of his cases to be possibly one of pseudosclerosis Roques, 
in a lecent aiticle entitled “Epidemic Encephalitis in Association with 
Pregnancy, Labour and the Pueiperiiim,” devoted 113 pages to an 
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exliaustive consideration of this subject His stud} of 21 cases has led 
him to differentiate definitely betw een epidemic encephalitis in pregnancy 
and chorea gravidaium He stated that the latter is charactei ized by a 
pievious histoiy of chorea or iheumatism oi both, rheumatic nodes, 
cardiac complications, a greatei tendency to spontaneous inteiruption of 
pregnancy and the occurience earhei m piegnancy and more frequently 
in primiparae He also gave the moitahty of encephalitis complicating 
pregnancy as 42 pei cent in 170 cases, which, as will be shown latei, is 
almost 3 times gi eater than that of choiea giaMdaium 

PROGNOSIS , 

In table 9, the moitahty rates for vaiions gioupmgs of the cases aie 
piesented in such foim that the} may be seen at a glance These find- 
ings will now be considered in detail 

Gcnaal Moitahty — Figuied on the basis of the numbei of deaths 
in peisons having 1 or moie choieic piegnancies, the lesults weie 613 
recoveiies and 136 deaths, a moitahty rate of 18 1 pei cent in a total of 
749 patients In these 749 patients, foi whom the lesult was knoun 
there occurred a total of 902 leported piegnancies, and in these the 
patients suivived in 766 instances and died m 136, a moitahty late of 
15 pel cent for piegnancies These lates are based on a series of cases 
almost twice as laige as any pieviously collected and one from which 
in marked contrast to most pievious series, all duplication has been 
eliminated It is inteiesting to observe, therefore, that the}'- indicate 
a general prognosis less gloomy than the estimates heietofoie usual!} 
gnen, which haie langed aiound 25 to 33 33 per cent Further stud} 
of the figuies tends to leveal an e^en bettei prognosis 

Moitahty Considei ed Chi onologically — Thus when the cases aie 
aiianged in thiee groups, according to the date of their leporting, 
namel}, those reported piioi to 1880, from 1880 to 1899, inclusive, 
and from 1900 to date, periods roughly coi i esponding to what may be 
termed the pi eantiseptic, antiseptic and aseptic eras in obstetrics, ve 
find a steady decline in the mortality rates, as follows preantiseptic 
eia 124 pregnacies, with 31 deaths, a mortality late of 25 pei cent 
antiseptic era, 237 pregnancies with 36 deaths, a mortality rate of 15 1 
per cent, and aseptic eia, 541 pregnancies with 69 deaths, a mortalit} 
rate of 12 7 per cent 

Moitahty m Relation to the Pievious Histoiy Regaiding Choiea 
and Rhenm-atisin — It is interesting to find how figuies based on this 
laige series of cases lend support to the opinion so frequently expiessed, 
particularly in the Fiench hteiatuie, that chorea in more than 1 preg- 
nancy or in a patient giving a history of chorea befoie piegnancy, is 
less fatal than the single isolated attack that constitutes the fiist choreic 
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seizure It is, of course, evident that in ordei to ha\ e chorea in more 
than 1 pregnancy the patient must survne it in at least 1, but, on the 
othei hand, it might be possible and even might be expected, a puou, 
that more patients would ultimately die after several attacks than after 
one This is not borne out by the facts, which show 10 deaths in 94 
patients having 2 or moi e choreic pregnancies, a mortality rate of 10 6 


Table 9 — Covipm afive Moitahty Rates fot Vaiions Gioups of Cases 


General jnortalitj 

Total 

Xo of Total Total 
Cases Lived Died 

Mor 

talitJ 

Rate 

Bj individuals 

749 

613 

130 

181 

B> individual^, tvo or more choreic pregnancies for each 

94 

84 

10 

10 6 

By pregnancies 

Mortality chronologicallj 

902 

766 

136 

15 0 

Prior to 1880— preantiseptic era 

124 

93 

31 

23 0 

18S0 to ISOO, inc]u«ne — antiseptic era 

237 

201 

36 

151 

1900 to date — aseptic era 

Mortalitj in relation to previous histor\ of chorea and rheumatism 

Ifl 

472 

09 

12 7 

Hi'-tory of chorea prior to first choreic pregnancy 

219 

203 

16 

7 

Xo history of chorea prior to first choreic pregnancj 

177 

145 

32 

18 0 

History of rheumatism prior to first choreic pregnancy 

133 

125 

10 

74 

Xo history of rheumatism prior to first choreic pregnancj 

History of both chorea and rheumatism prior to first choreic preg 

229 

198 

31 

13 5 

nancj 

Historj of neither chorea nor rheumatism prior to first choreic 

95 

89 

0 

03 

pregnancy , 

MortaliU in relation to age by hemidccodes 

110 

89 

21 

19 0 

15 to 19 inclusive 

138 

119 

19 

13 7 

20 to 24 inclusive 

324 

267 

01 

17 5 

25 to 29 inclusive 

122 

97 

23 

20 4 

30 to 34 inclusive 

34 

28 

6 

17 6 

35 to 39 mciusne 

Mortality in relation to time of on'-et of the chorea in pregnancj 

9 

8 

1 

111 

Chorea present before pregnancj 

34 

34 

0 

0 

Onset of chorea in first trimester 

292 

244 

48 

16 4 

Onset of chorea in second trimester 

207 

173 

34 

16 4 

Onset of chorea in third trimester 

98 

79 

19 

19 3 

Mortalitj in relation to psychotic complications 

49 

41 

8 

16 3 

Mortality in relation to fever 

Mortality in relation to the manner of termination of pregnancj 
Spontaneous terminations of pregnancy 

26 

O 

23 

88 4 

4.t term 

312 

306 

6 

1 9 

Bj premature labor 

63 

55 

8 

12 6 

By abortion 

64 

49 

13 

23 4 

By rapture of ectopic pregnancj 

1 

1 

0 

0 

Total of spontaneous premature terminations 

128 

105 

23 

17 9 

By death of patient undelivered 

Total of spontaneous premature terminations, including deaths 

32 

0 

02 

100 0 

undelivered 

ICO 

103 


34 3 

At an unhnojvn period of pregnancj 

Total of all spontaneous terminations, excluding deaths unde 

1 

0 

1 

100 0 

livered 

Total of all spontaneous terminations, including deaths unde 

441 

411 

so 

68 

hvered 

Artificial terminations of pregnancy 

473 

411 

62 

13 1 

By induction of labor at term 

6 

3 

3 

500 

By induction of premature labor 

37 

27 

10 

27 0 

By induction of abortion 

94 

68 

26 

27 6 

Bj induction at an uhknoTrn period 

0 

2 

3 

COO 

Total of all cases of induction 

142 

100 

42 

29 3 

Bj jaginal hysterotomy 

11 

8 

3 

27 2 

Bj abdominal hysterotomy 

9 

6 

3 

33 3 

By accouchement force 


0 


100 0 

Bv y aginal hysterectomy 

O 

0 

2 

100 0 

Total of all ca«es of operative dehverj 

29 

14 

15 


Total of all artificial terminations of pregnancy 

Mortality chronologically, artificial terminations of pregnancy 

171 

114 

57 

33 3 

Prior to 1880— preantiseptic era 

4 

2 

2 

50 0 

ISSO to 1899, inclusive— antiseptic era 

39 

24 

13 

33 4 

1800 to date — aseptic era 

12S 

88 

40 

31 2 

Petal mortality 

537 

208 

269 

509 
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pel cent In a gioup ot 219 cases giving a positne histoiy of an attack 
of choiea piioi to am choieic piegnanc}, theie weie 16 deaths, a mor- 
tality late ot 7 3 pei cent with which theie may be contrasted a late of 
18 per cent in a gioup of 177 patients whose histones failed to disclose 
an) choiea pieiious to the attack duiing piegnancy 

In 135 piegnancies m which theie was a definite histoiy of pierious 
rheumatism theie weie 10 deaths, a mortalit}^ rate of 7 4 pei cent, with 
vhich ma} be contiasted a late of 13 5 pei cent m a gioup of 229 preg- 
nancies 111 which the histones positively denied any previous rheu- 
matism In the gioup of 95 cases giving a histoi}'- of both chorea and 
rheumatism pieiiousl} there were 6 deaths, a moitahty rate of 6 3 
pel cent, with vhich may be contiasted a rate of 19 per cent m a 
group of 110 cases gnmg a histoi}'^ of neither chorea nor rheumatism 
It will be seen tiom these findings that there is a definitely lessened 
moitaht}'^ m patients who ha^e had choiea oi iheumatism previously 
and a still lovei late in those who have had both In seeking the 
explanation foi these tacts, the most obvious lecouise would seem to 
he 111 the diiection ot some immunologic mechanism — the explanation 
IS difficult on ani othei hi pothesis 

Moitahty in Relation to Age — It will be seen fiom table 9 that in 
the fiist thiee hemidecades of sexual matuiity the moitahty inci eases 
Mith the patients age, while in the fouith and fifth it drops shaiply, 
the exact mortality lates being as follows 15 to 19, inclusive, 138 
cases iMth a moitahty of 13 7 pei cent, 20 to 24, 324 cases, Avith a 
moitahty of 17 5 per cent, 25 to 29, 122 cases, with a moitahty of 20 4 
pel cent, 30 to 34, 34 cases, with a mortality of 17 6 pei cent, and 35 
to 39 9 cases, with a moitahty of 11 1 pei cent The use in the late 
foi the fiist thiee hemidecades seems to be quite definite and what 
might be expected from the geneially accepted fact that the mortality 
of ordinary choiea is less m childien than in adults The sudden diop 
in the next two hemidecades is eA^en more definite and, at first glance, 
would seem to be an unexpected finding It might be explained, how- 
eiei, b\ consideiing tivo points, namely, that at these more adr^anced 
ages none of the women have had previous chorea either with or without 
association with pregnancy, Avhich, as we have seen, tends to dimmish 
the moitahty and, also, that there is more likelihood of error in a diag- 
nosis of chorea gravidarum made at this time of life, when ordinary 
chorea is so rare as to be a medical curiosit}^ 

Moitahty m Relation to the Twie of Onset in Piegnancy — The 
data available for the study of this subject are from a total of 631 
cases, and the results obtained were as follows onset of chorea before 
pregnancy, 34 cases with no deaths , onset in first ti imester, 292 cases 
AMth 48 deaths, a mortality rate of 164 per cent, onset in second tri- 
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mestei, 207 cases with 34 deaths, a mortaht} rate of 164 pei cent, 
onset in third trimester, 98 cases with 19 deaths, a mortality latc of 
19 3 per cent It will be seen that there is so little difterence in the 
mortality rates foi the various trimesters of onset of the chorea that 
the conclusion would appear to be justified that this factor is without 
influence The striking absence of moitality in the group of 34 cases 
in which the onset of the chorea antedated the pregnancy is m line with 
the previously noted lowei mortalitj' late m cases giving a history of 
previous chorea and is probably to be explained through the establish- 
ment of a relative immunity before conception 

Mortality m Relation to the Mannei of Teimiuation of the Preg- 
nancy — For this study data weie available in a total of 644 pregnancies 
As might be expected, the most favorable manner of termination is by 
spontaneous labor at term In 312 such cases there weie only 6 deaths, 
a mortality rate of 1 9 per cent In 63 cases with spontaneous pre- 
mature laboi there were 8 deaths, a mortality rate of 12 6 per cent, and 
in 64 cases of spontaneous abortion there were 15 deaths, a moitality 
of 23 4 pel cent Altogethei, including the case in which recoveiy 
occurred following the spontaneous rupture of an ectopic piegnancy, 
there were 23 deaths m 128 cases in which pregnancy was sjiontaneously 
prematurely interrupted, a moitality of 17 9 per cent If, howevei, we 
add to these figuies 32 patients who died undelivered we have a group 
of 160 cases in which pregnancy was terminated by the death of the 
woman undelneied, oi by spontaneous prematuie laboi or aboition, 
with a total of 55 deaths, a mortality of 34 3 pei cent If we include 
the cases of spontaneous labor at term and 1 fatal case with a spon- 
taneous teimination of pregnancy at an unstated peiiod, there is a 
gioup of 473 cases in which the piegnanc} was not aitificially inter- 
rupted, of these, 62 died, giving a mortalitj i ate of 13 1 per cent for 
consenatne management of the complicating piegnanc) 

Tuining non to the cases in which piegnancj was aitificiallj ter- 
minated at vaiying peiiods and by vaiious methods, we find as follows 
In 6 cases in which laboi was induced at teim theie neie 3 deaths, a 
mortality late of 50 pel cent, induction of piemature laboi, 37 cases 
with 10 deaths, a moitality late of 27 per cent, induction of aboition, 
94 cases with 26 deaths, a mortality rate of 27 6 pei cent, induced intei- 
luption, period not stated, 5 cases with 3 deaths , ragmal hysteiotoni} , 11 
cases with 3 deaths, a moitaliti rate of 27 2 per cent, abdominal hyster- 
otom) , 9 cases with 3 deaths a mortality i ate of 33 3 per cent , 
accouchement foice, 7 fatal cases, ^agInal hjsteiectomy 2 fatal cases 
Altogether, theiefore, we have a group of 171 cases in which preg- 
nancy w^as aitificially teimmated, wuth 57 deaths a moitalitj rate of 
33 3 per cent A ciitical examination of the case leports in this 
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gioup with the Aiew of determining the nuinbei of deaths directl) oi 
indiiectly due to postpartum infection immediately disclosed the iinpos- 
sibilitx of ariiving at any definite figures It may be said, however, 
that there is definite evidence that infection played an important part, 
and this is borne out by a chi onological giouping of the cases, which 
shoirs 4 piegnancies aitihcially terminated piior to 1880, with 2 deaths, 
a 50 pel cent mortalit}'^, 39 cases fiom 1880 to 1899, inclusive, with 
15 deaths, a 38 4 per cent mortality, and 128 cases fiom 1900 to date, 
with 40 deaths, a 31 2 pei cent mortality 

Theic can be no question that the medical profession has shown 
little 01 no tendency tow^aid an unwise radicalism m resorting to thera- 
peutic abortion oi induction of pieinatuie labor in handling chorea 
giavidaium on the whole, one gets the impression that the cases so 
handled have been wisely selected This being gi anted, and taking a 
moitaht}'- of 31 2 per cent as representing what may be expected from 
this piocedure, under modern conditions, that is, m the gioup aiti- 
ficiallv teiinmated since 1899, we find foi comparison a mortality rate 
of 17 9 per cent m 128 cases in which there w'as a spontaneous pie- 
matuie mteiiuption of piegnancv It would seem only fan, however, 
to add to this lattei group the 32 cases m which the pregnancy was 
teiinmated b} the death of the mothei undelivered, resulting m a inoi- 
talit} rate of 34 3 per cent Thus it wall be seen that in a gioup of 
288 cases seiious enough to lesult in the death of the mothei undelivered 
oi in spontaneous premature interruption of piegnanc}', on the one 
liand, and to indicate to the physician the advisabilit}' of artificial, 
aseptic teiinination of pregnancy, undei modem conditions, on the other, 
we find a difference in moitality of only 3 1 pei cent in favor of inter - 
V ention 

Mojtahfy in Relation to Psychotic Complications — Acute mania 
and other ps 3 xhoses, delirium, etc , are noted as complicating the 
choreic pregnancy in 51 cases, in 49 of these in which the result foi 
the mothei is given, there vv^eie 8 fatalities, a mortality rate of 16 3 
per cent This is so little in excess of the general rate for choieic 
pregnancies, 15 pei cent, that it wmuld seem to indicate a less gloomy 
prognosis for this complication than is generally conceded in the 
literature In several of these cases, how'^ev'^er, the ps 3 choses continued 
post partum, and in some instances the patients ultimately died in hos- 
pitals for the mentally defective 

Moitality in Relation to Fevei — It is to be legretted that the 
maioiity of the reports are so fragmentary as to make exact deductions 
difficult on man 3 ^ points this applies to the incidence of fever In many 
cases the context clearh indicates that fever must hav^e been present, 
vet It IS not mentioned There is a group of 27 cases, howev^er, in 
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which the piesence of fevei is specifically mentioned, oi, fioin the 
context, it IS evident it must haA^e been piesent dm mg the choieie 
attack Of 26 of these patients for whom the lesult was known, 3 
lived and 23 died, a moitality late of 88 4 pei cent This finding 
stiongly confiims the statement of Fiench and Hicks that fcACi iS of 
the giaA^est piognostic import 

Fetal Moitality — The fate of the fetus was either mentioned oi 
could be safely mfeiied fiom the context m 537 cases, it suiMved in 
268 instances and died in 269, a fetal moitality late of 50 9 pei cent 
A detailed study of these figures seems unnecessaiy In about 200 of 
the 269 fetal fatalities, the piegnanc} was inteiiupted eithei spontane- 
ously 01 artificial!}' befoie the peiiod of viability, oi the woman died 
undeliveied In 79 cases of spontaneous oi induced piematuie laboi 
m which the fate of the child uas mentioned, theie Aveie 37 deaths 
It will be seen, theiefoie, that picmaturity is decidedly the piedomi- 
nating factoi m the laige fetal moitality late 

Tuo babies bom uith choiea piomptly lecoAeied 

rheie has been a tendenc) m the hteiatuie to difieientiate ehoiea 
giavidaium from S 3 'denham’s chorea because of its sdpposedly higher 
moitality It will be seen fiom the moitality statistics just piesented 
that the late is not nearly so high as has gcneially been given and that, 
since 1900, it has been 12 7 pei cent In speaking of the high death 
late of choiea dm mg piegnanc}, Dakin peitinently said ‘‘Whether 
this IS due altogethei to the existence of piegnancy oi whethei the 
dangei is common to all adults whethei piegnant oi not, the piesent 
cases are not sufficiently numeious to determine, but it is usually 
believed to be moie dangei ous to those m the giaiid condition’’ He 
lepoited fiom St Geoige’s Hospital, London, 2 deaths fiom choiea 
in 18 nonpregnant ivomen, and Mackenzie lep’oited 1 death in 77 such 
cases, a total of 3 deaths m 95 cases, a late of 3 1 per cent This may 
be compaied with Mackenzie s late of 1 8 pei cent m 432 cases of 
Sydenham’s choiea AA'ithout piegnancy, but including males and females 
ot all ages Fiom these figuies it would seem that Dakins question 
must be answeied to the effect that S}denham’s choiea is appieciably 
moie dangei ous m the nonpiegnant woman than m the child, but that 
adult chorea is fiom thiee to foui times moie fatal with pregnancy 
than without it This, howevei, is ceitainly insufficient giound on 
which to base a difiei entiation betw'een these two types of choiea 
Mail} examples immediately come to mind notably that of influenza, 
illustiatmg the inci eased mortalit} of certain diseases during pregnancy 
It must also be borne in mind that the piegnant woman with choiea 
has, in addition to the hazaid of the disease, all the dangers incident 
to a piegnancy predisposed to prematuie interruption spontaneous or 
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induced These hazards of piegnanc)' are undoubtedly responsible foi 
some but not all of the inci eased mortality It would seem reasonable 
to believe that the factors responsible foi the lemaining increase must 
be sought in some breakdown of resistance compaiable to what may be 
believed to occui m influenza 

Dakin's additional statement that chorea gravidarum “is ceitainiy 
much moie common in adult women who are pregnant that in those 
■uho aie not” is not borne out by combining his own and Mackenzie’s 
statistics, which show that of 109 cases of chorea in women of child- 
bearing age, 14 were pregnant and 95 were not These figures are of 
importance in showing that pregnancy is by no means the only etiologic 
factoi responsible for chorea in the adult 

TREATMENT 

The consideration of tieatment natuially divides itself into the 
question of the treatment for the chorea and the proper management 
of the pregnancy 

The foimer of these subjects will first be briefly leviewed from the 
histoiical standpoint The use of chloroform by inhalation with the 
idea of conti oiling the hypermotility would seem to be the worst possible 
procedure Several authors pride themselves on their faithfulness in 
continuing this foi days, relays of medical students being employed to 
lender it possible The last case m which such tieatment was used was 
as late as 1906 The result was 7 deaths and 1 recovery in 8 such cases 
In the same category is the use of very laige doses of moiphme There 
IS good evidence foi believing that an oveidose of moiphine was directly 
1 esponsible foi 1 fatality and for suspecting that it contributed to a few 
otheis The oldei idea of a reflex origin of the chorea isjevidenced by 
such pioceduies as applications of iodine to the cervix, oi its dilatation, 
incision of the hymen foi the lelief of dyspaieunia and excision of a 
urethial cai uncle, all of uhich ueie believed to have been beneficial 
and even to hare produced ciiies Much moie lational vould seem to 
be the clearing up of foci of mtection by tonsillectomy or the exti action 
of septic teeth leported to have been of benefit in a feu cases Hane- 
borg thought he got gieat benefit fiom the use of thymus gland in 1 
case Arsphenamine oi sodium cacodjlate weie used in a few cases, 
appaiently meiely as a moie modern method of administering aiseiiic 
Magnesium sulphate intramusculail) was used in 1 fatal case On the 
hypothesis of a pregnanc)'^ toxemia, blood serum f i om a pregnant woman 
uas employed in 3 cases, 2 of which were fatal Sehtzlv)^ employed 
repeated injections of normal horse serum in 3 cases uith no deaths 

In looking at the subject from the point of vieu of modern 
knowledge of chorea or, possiblv moie truthfully, admitted lack of 
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knowledge, and in accepting as a working basis the hypothesis of the 
absolute identity of choiea giavidarum with S}denham’s chorea, we 
may now consider the best modern management of both the chorea 
and the piegnancy 

With respect to the choiea, it would seem to be safe to admit that we 
are without any treatment that even approaches specificity and are there- 
foie reduced to a purely symptomatic theiapeusis It is ceitainly 
extremely doubtful if the time-honoied use of arsenic, either as solution 
of potassium arsemte or in moie modern form, has much etiect on the 
disease, and personally we believe the same may be said for the 
salicylates Shaw, of Manchester, claimed good lesults fiom large doses 
of thyioid, which, howevei, w'e believe may be equally attributed to the 
sanity and conservatism of the balance of his method of management 
As has been stated he and also Pinaid and Rudaux hold practical!} 
identical views m attributing the choiea of piegnancy to gestational 
toxemias, and, based on this assumption, they advocate rest, isolation 
promotion of elimination and a milk diet The last two authorities 
employ chloial to effect a depressant action on the neivous system While 
the evidence here adduced w^ould seem to justify the conclusion that then 
etiologic assumption is without any sound basis, their tieatment ivould 
seem admiiably to meet most of the requirements of the situation m 
the picsent state of knowdedge, and ceitainly no other method yields 
bettei lesults The matter of diet is probably open to some question, 
and one that was bland, nutritious and easily digested, with an abundance 
of fluid, would probably be moie lational than milk alone Hypnotics 
othei than chloral are, of couise, available, paiticiilaily the substitution 
products fiom baibituric acid In our own case the judicious use of 
moiphme was certainly helpful in gaining rest and quiet, but Wall and 
Andrew^s aie undoubtedly right in warning against large doses of these 
potent drugs Another impoitant indication to be met is preventing the 
patient fiom injuring herself by accidental falls and blow^s 

When these simple measuies fail to bung about improvement, oi 
even to aiiest the course of the disease towaid gi eater and gi eater 
severity, the question of theiapeutic abortion must be met It is difficult 
to determine on a fair standard of compaiison betw’-een the results of 
inteivention and nonintervention as shown by these statistics A gioup 
of 473 cases m which pregnancy was not artificial!) teimmated gave a 
mortality of 13 1 per cent as against a rate of 33 3 per cent for a group 
of 171 cases in which it w^as so terminated The first group, how'ever 
includes 312 pregnancies that progressed to full term with a mortality 
of only 1 9 per cent, m these cases the chorea quite obMousl), w'as m 
a mild foim It would seem faiier, therefore, to make the compaiison 
betw'^een the group of 160 cases in which the piegnanci was spontane- 
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oiisly tennmated piematuiel} or lesulted in the death of the woman 
undelivered and the group of 171 cases with aitificial terminations, these 
two groups may be considered as equall)’’ made up of the moie serious 
and fulminating cases The respective moitahty rates are 34 3 and 
33 3 per cent, a balance in favor of intervention of only 1 per cent 
The latter gioup, however, contains 7 fatal cases in which accouche- 
ment force was employed, 2 fatal cases in which vaginal hysterectomy 
was performed and 6 fatal cases of 20 in which the delivery was by 
vaginal or abdominal hysterotomy Since the judgment shown in the 
selection of these methods of procedure would seem open to considerable 
question, we have eliminated them, and thus have remaining a group of 
137 cases in which pregnancy was terminated by induction of labor, 
prematurely or at term, or therapeutic abortion In table 10 we have 
made a chronological comparison between the respective mortality rates 
resulting from intervention and nonintervention in these two groups 

Table 10 — Chi onological Comparison of Moitahty Rates with and without 
Therapeutic AboiHon or Induced Picmatnre Labor* 


Without Intervention With Intervention 

*- , - - -* — 


Total 
No of 

Total 

Total 

Mor 

tality 

Total 
No of 

Total 

Total 

Mor 

tality 

Cases 

Lived 

Died 

Rate 

Cases 

Lived 

Lied 

Rate 


Prior to 18S0 

35 

13 

22 

62 8 

3 

2 

1 

33 3 

18S0 to 1899, Inclusn o 

43 

30 

IS 

30 2 

37 

24 

13 

831 

1900 to 1919, inclusn e 

43 

SO 

13 

30 2 

33 

21 

12 

SOS 

Since 1919 

39 

32 

7 

17 9 

64 

61 

13 

203 


* Cases going- to full term and operatne deliveries have been excluded 


Study of these figures discloses, we believe, only two generalizations 
that may safely be made First, that since 1919 there has been a sharp 
decline in the mortality rate both with and without intervention, and, 
second, that, excluding the 3 cases m the intervention group prior to 
1880 as being too small a number to justify comparison, the group with 
intervention shows a 6 1 to 2 4 per cent greater mortality From the 
statistical point of view, therefore, it will be seen that there is no evidence 
favoring the interruption of a pregnancy complicated by chorea 
Statistical evidence alone, however, is notoriously untrustworthy, and 
It is thought, therefore, that the question of intervention or noninter- 
vention should be considered further in the light of the evidence adduced 
m this paper as to the true relationship between the pregnancy and the 
complicating chorea We think that it has been conclusively demon- 
strated that chorea is not a direct complication of pregnancy, but that 
either the association is a purely accidental one, or, possibly more 
frequently, the pregnancy acts by reducing resistance to a disease 
previously present m latent form The situation w ould seem to be most 
comparable to the occui rence of pregnancy in a person with latent or 
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inactive tubeiculosis In deciding whetliei oi not to inteivene, other 
factois enteiing into the piognosis should receive careful consideration 
on the one hand, the undoubted tendency of pregnancy to prolong the 
attack, the clinically well attested likelihood of prompt recoveiy post 
partum and the triply or quadruply greater mortality during pregnancy , 
on the othei, the lack of mortality in the cases in which the onset of the 
chorea precedes the pregnancy and the unifoimly favorable prognosis 
in cases giving a history of a previous attack of chorea or rheumatism, 
or both We get the impression that the time of intervention has a 
direct bearing on its efficacy, and that little may be hoped from thera- 
peutic abortion undei taken m the presence of high fever, leukocytosis, 
petechiae of the skin and other evidences of active infection One 
might as well expect favorable results from theiapeutic abortion in such 
acute medical complications as influenza, typhoid, pneumonia or acute 
endocarditis Because of this reasoning, we do not accept these symptoms 
as indications for intervention, as advocated by Pinard and, also, by 
LePage, and would consider them as best treated expectantly, foi we 
know of no analogous situation in which intervention would be con- 
sideied as indicated, and the result of intervention under these cir- 
cumstances, as may be seen from table 1, is almost uniformly fatal If 
this logic is sound, it necessarily follows that the time for intervention, 
if at all, IS before such symptoms develop If, then, despite a thorough 
trial of a tieatment admirably summed up by Wall and Andrews as 
consisting of “rest, seclusion, careful feeding and gentle discipline,” to 
which It would seem safe to add the judicious use of nerve sedatives, 
there is a steady progression in the intensity of the’ disease with constant 
and violent movement, incoordination of the muscles of speech and 
deglutition and intractable insomnia, and particularly if psychotic dis- 
turbance becomes evident, interruption of pregnancy should be seriously 
considered As to the method of election, the results in this senes 
speak eloquently It would seem evident that under the circumstances 
involved there will always be time to employ the induction of abortion 
or prematuie labor rather than some form of operative delivery, and the 
advisability of this choice is evidenced b}^ a mortality of 51 7 per cent 
in 29 cases delivered by vaginal hysterectomy, vaginal and abdominal 
hysterotomy and accouchement force Exceptions to this rule might be 
noted in cases in very early pregnancy, in which a simple curettage 
would suffice, or, in the case of repeated choreic piegnancies, in which 
the abdominal loute might be selected in order to effect sterilization 

SUMMARY AND CONCLUSIONS 

This papei is a statistical study based on an analysis of the available 
data of 951 choreic pregnancies occurring in 797 persons, much the 
largest collection of cases thus fai assembled One case was personally 
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obscrAcd In us, and the remamdei nere collected from the literature or 
through the medium of a questionnaiie sent to moie than 500 Ameiican 
obstetricians 

The disease is ver} lare In 270,825 obstetrical hospital admissions 
fiom Europe, America and Austiaha, the incidence was 1 case in 2,275 
pregnancies, in 115,554 similar admissions in the United States, the 
incidence nas 1 case m 3,501, which undoubtedly gives an exaggerated 
idea of its fiequency here since of 170 obstetricians iepl>ing to our 
questionnaiie 113 had never seen a case 

Our study has led us to the definite conclusion that the chorea 
occunmg during pregnane} is identically the same disease as Syden- 
ham’s chorea in adolescents, modified slightly, in certain lespects, b} 
its association with piegnanc} This opinion we believe to be positively 
supported b} the following facts 

1 Women attacked aie piedominantl} in the voungest age gioup 
of sexual matuiit} and are mostly primiparae 

2 j\Ioie than one half of them give a histori of a pievious attack 
of an oidinar} chorea, inoie than one third of them of a previous attack 
of iheumatism, more than one fourth of them have had both diseases 
preMously and in about 1 case in 20 theie is a double complication of 
acute iheumatic fever and chorea in the same piegnancy 

3 The statistics of Allaid fiom the Baudelocque Clinic show that 
25 pel cent of women giving a histoi} of adolescent chorea have a 
recuiience of the disease m subsequent piegnancies 

4 The mortality, in the group of cases with a jDievious histoiy of 
clioica IS 7 3 per cent, with a pieiious history of iheumatism, 7 4 pei 
cent , with a history of both diseases pre\ lousl) , 6 3 per cent In the 
gioups gning the opposite history, the lates aie 18, 13 5 and 19 pei 
cent lespectivelv These figures aie impossible of explanation except 
on tlie In'pothesis that a previous attack of choiea or rheumatism oi 
both confeis a relative immumt} 

5 There is evidence of heait disease in about one third of the cases, 
and of cardiac patholog}'^ in 87 pci cent of those coming to autopsy 

6 Theic IS as much histopathologic cMdence in the hi am favoring 
the identit} of the two conditions as there is opposed to this view, and 
there can be no question that in both, the burnt of the attack is borne by 
the corpus striatum 

7 The tendency of the disease to greater severit} and a more pro- 
longed course when complicating pregnancy would be expected, a ptioti 
and is m line vith the behaMor of other acute or chronic infectious 
proces'ic': under the same circumstances 

8 Tlie s} mptoms and usual complications are identical 
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The prognosis is much less grave than has hitherto been believed 
and seems to be improving as the mortality rate of 12 7 pei cent since 
1900 IS one half of that obtaining piior to 1880 

The best ticatment for the chorea theoretically and from the stand- 
point of results obtained consists of “rest, seclusion, caieful feeding 
and gentle discipline’ (Wall and Andrews) Nerve sedatives and 
morphine may be used, but sparingly and with great discretion 

In mild cases there is undoubtedly no reason for theiapeutic aboi- 
tion In severe cases the statistical evidence fails to show better lesults 
with intervention than without, in fact, the reverse is true If resorted 
to at all, Intel vention should be by the induction of piemature laboi or 
aboition and, except in laie instances, not by immediate opeiative 
deliveiy, as the mortality in these proceduies is about 50 per cent Its 
most likely indication would seem to be in the case in which the 
patient is getting piogressivel} woise, despite treatment, but befoie 
fevei , leukocytosis, etc , give evidence of active and generalized infec- 
tion, undei the latter circumstances, it apparently does nothing but 
hasten the fatal outcome 

1801 Eye Stieet, N W 
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ASSOCIATION OF INFECTIOUS ASTHMA AND 

ARTHRITIS 


from the point or \aEW or BACTERrA.L allergy* 
JOSEPH HARKAVY, MD 

AND 

SELIAN HEBALD, MD 

NEW YORK 

In a recently reported study of four hundred adults with asthma, 
47 per cent were found to he msensitue to the usual soluble proteins 
There was reason to believe that in this group the asthma was an expres- 
sion of allergy accompanying infection resident in foci of the 
respiratory tract, in contradistinction to the other groups in which 
atopic hypersensitn eness, as well as infection, played a role In the 
entire series of four hundred patients, there were nine in whom, in 
addition to asthma attacks of arthritis developed 

The ages of these patients varied from 36 to 59 Six were females 
and three, males The character of the arthritis was migratory, affect- 
ing the wrists, fingers, shoulders, ankles, etc It was accompanied b} 
moderate redness and swelling and pain on motion, and sometimes per- 
sisted for several weeks The body temperature was not elevated With 
the exception of three of our cases in which roentgen examination 
revealed mild proliferative changes in one joint as a rule (the spine or 
knee), probably due to secondary static influences, no sequelae were 
noted m any other affected joints 

In five of these patients, foci of infection constituted the sole 
etiologic factors for the asthma as well as the joint manifestations In 
the remaining four there was a coexistent atopic hypersensitiveness to 
substances such as ragiveed goose feathers, dog hair and rabbit hair, 
to foods and also to dust Elimination of these atopens alone influenced 
neither the asthmatic nor the arthritic attacks Therefore it seemed 
that infection in the sinuses and lungs was the exciting cause of both 
the asthma and arthritis This theory was proved by the fact that follow- 
ing the evacuation of pus from the infected antrums and the successful 
treatment of the diseased ethmoids, by means of tampons, mild silver 
protein, U S P , irrigation, etc , and after the recession of the more 

* Submitted for publication, July 9, 1931 

* From the Outpatient Department of the Mount Sinai Hospital 

*Read before the meeting of the Association for the Study of Allerg}, at 
Philadelphia, June 8, 1931 




o 

■Ji 

►f-c - 

O'C ^ 

CO S3 >-*53 

§o '25 

“§S-- 
S c 


05 


>-• 

C3 


<u *. 

o 

CO 

^ *0 p « ^ 

N -4-0^ 


> i-fS 

OJ s 
I-I CO 


o 

> 

o 

>0 

c. 

c 


« e 

CS 

^Z2 

ss« 

SVg 

o'D a 


S 05 

P'S 

>H ? 
£•« 
S 

•P c 

C3 ► 
CCi'S 
« W CJ 

£^'§ 

CO w ^ 

rt* o 
>cj i:; 


”5 > 
to 

fto 


oj ^ g 

^os 

sr^^c'j c 5 ^ a c: 

si? 5 ao-gs^ 

c!'** n 
• p ” 

. o -u 

» -.--t O CO ' 

.fe ,-g ‘ 

^SSjaSzigS'S 4 - 

c) c -e c- ij S 2 ~ 

P ^sstoS «-■ 

^co^QQ^^^gj 53 

« P CO to 


CO G> r^C^ !_ 

CO o P -^ { 

P e -poo 

P k' ^^ *-* 

O O.S? ^ 

>-* 4 ji^ p 


- >-* 


00 
C'J 

p 


Si 

Sg 


a 

O cr 
53 P 
p O 
tcP- 
*-. P 

*-• p 


o 


o5 

> 

p 

^ O 


eo-« 

P P 

-S'^ 

5 

-e 

"p g ® 

pop 

p 

P4J 
o P 

S 

fr» t_i 


kJ 


C CO 53 

' gg 


fei 


o 

P 

5 

o 

p 

> 


P 

>> 


Co P 

“aS 

»£» 

77-5 3 " 

' ^5 *co o ^ -.^oXJ 

-tj W-T* *-• ^ ^ ^ 


g2^ -g ®i 
fi ^fe-Di 


Pr-, 
P^ 
65 I-* 
CJ • 

P CO 

•^h 


•^ofewlS >oS^S -c 

^|§SS 3 Sii 

" « wn> c, pj s 


t-> 

Qi 

•U 

P 

O 

CO 

o 

O 

C 


p 

tn 


o 

o 

p 

"< 


to 


c 

p 

s 

o 


o 

^*2 
CO ^ 

«15 

P>*P 

i-< ■*-• 
*>-.>-. 
CO c 


tTP 
^ p 
•P p 
Pm‘ 

o 

J3 

to 


-.Wen 
»£?; 

±? PW 

53 PC 3 

5^ ^ 

cS^ 

gpS 

^ O CJ 

J?'Si 3 g 


-TP 


'<^M§s 

>iP.P o 


o 


«*« « 
r^S S’ 
‘^'3 2; 


o 

§ 

fe! 


o 

53 

5 


e? ^ O P 

'P o-« P 

;P*t?2 GJ 3 
“ o P 05 P O 

§ S^P'oe 

3 ggS- 2 ^ 

? °r~§s 

«N '““' S t 

S°*»oS 
P-P »-* 

^o^e§ 


P 

o 


GJ 
«. 05 

S 5 

«f 

|2 


«u 

P 

.s?— 

>^P: 
p o 
P n 

5 ® 

to 

■“ "p 

<i o ^ 


P 

CJ 

C 

P 

TJ 

g; 


o > 
CO P 53 

^P g 

P o ^ 


p 

So 

*-‘*G> 

g-2 

OfJ 
w "i? 
o o 

S'® 


p 

I 

e 

pp; 

p o 
PX5 

o O^ 

^CO^ 

g0^ 
S.Q S 
o 

t^oO 


§ 


•p 

o 

5 

'U 

fe? 


«M P 
G> O 

M'S 


G) 

•u 

s 


go's 

§4^0 

p -P 

-J a« 


G5 

- C 
P 00 ^ 

-^"o§ 

o «w 

pj^*^ 2 p 

^'*-» CO 

^ P» o 

C'J ^40 ^*P 

^ \W o 

~ e 


.05 CO 


0 t? >4 

.3 e 

”5&a« 


§?i 


D 


lo 


CJ 


fc, 
P O 
O '*-' 

2>»o 

1=3 

I Ho 

P ^ i? 
-3f 05 p 


05 ® 

Si| §g 

C5 ^ ,>-0 

-dS ~ ^ 
S'” 
-a "H 
ES a § 

-lli 

^ P 


CO 


^2 

^p 

«=»>, 

P50 

Q> 

’t-* P 


JS 

^ P 


i'* 

ITS 


CO 

l^ 

p 


s 

p 

<J 


«o 

CO 


c i? >-* ^ o 

-S^Ss^ 

'=:c'S,g£ 


r >2 CO o 

a Cf 3 *H ^ 

5 ^ c;P c 3 
< ^ >» cJ p 

■ cj 5 
-2 e 053 
±e p 

" 5-=> c 

i 5 of,c 

^gsg? 


iO 


I 


700 


ARCHIVES OF INTERNAL MEDICINE 


recent pulmonary focus of infection, the arthiitis subsided completel} 
in eight of the nine cases The asthmatic attacks became milder and 
diminished in frequency, and the harrassmg cough ceased almost 
entire!} 

During the warm Aveather all residual s}mptoms referable to both 
conditions disappeared, indicating the geneial beneficent effect of 
temperature and climate on chronic lespiiaton infections and their 
complications 

Additional unusual features noted were episcleritis m case 1, diag- 
nosed b} the ophthalmologist as evidence of a “rheumatic diathesis, ’ 
meralgia paiaesthetica of the right leg m case 6, and sciatica on the light 
side in addition to the arthritis in case 7 Compaiison of the duration 
of the asthmatic and arthritic manifestation aie shown in table 2 

It IS evident from table 2 that a numbei of years had intervened 
between the onset of the asthma and that of the joint manifestations 


T'^ble 2 — Compaitson of Astlnnatic and Aitliiific Mamfcstatioin 


Case 

Age 

Duration of Asthma 

Duration of Arthritis 

1 

47 

14 jears 

2 jears 

2 

51 

20 years 

4 years 

3 

49 

13 years 

1 year 

4 

54 

18 years 

1 jear 

D 

36 

S j ears 

3 months 

0 

57 

6 years 

1 year 

7 

36 

18 years 

2 jears 

s 

59 

50 years 

2 years 

9 

47 

13 years 

4 years 


If one assumes that as in asthma, an allergic mechanism is accountable 
for arthritis, the explanation for the delay may he in the prolonged 
period necessary to set this secondary shock tissue into action in a 
system in which the lung was the dominant primary shock organ The 
occurrence of several shock tissues as the seats of allergic leactions is 
not uncommon in the human being The ascendancy of one over 
anothei is equally frequent Thus a patient who contmuall} has 
asthmatic seizuies from eating eggs may only occasionally have urticaria 
from the same agent This is in contrast to the findings in the lower 
animals m which, as a rule, only one type of shock tissue is found In 
the gumea-pig, it is always the pulmonary system, in the labbit, the 
circulatoi ^ s} stem, and in the dog, the In er is the so-called shock organ 
involved in anaphylactic reactions 

The transient suppression of one shock organ dunng the supieinacy 
of anothei is further exemplified in cases 7 and 9, m which the asthmatic 
seizures alternated wnth the attacks of arthritis and vice versa In case 
7, in which both w^ere due to residual pneumonic infiltrations, the 
recession of the pulmonary focus Avas succeeded by the subsidence of 
the asthma as well as the arthritis 
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In case 9, the asthmatic attacks ceased following the treatment of 
the puiulent antrums, but a fresh attack of arthritis of the great toe 
of the right foot brought this patient back to the clinic In reviewing 
this case we found that, in addition to the sinus disease there was an 
underlying atopic h3?persensitiYeness to inhalants as well as to numerous 
foods, which in all probabilit} was fundanientall} lesponsible for the 
secondary infection In 1914 the patient had an intranasal operation, 
but 111 spite of it he continued to contract so-called colds In 1917, 
he had an attack of poliaithiitis which lasted foi three months 

With the onset of the w^arm weather the arthritis receded, but the 
nasal condition began to bothei the patient again This condition per- 
sisted until 1918, when so-called bronchitis developed, W'hich lasted 
throughout the yeai until the winter of 1927, when a recurience of 
arthritis occurred Simultaneousl) the asthmatic attacks appeared foi 
the fiist time The arthritis again subsided with the return of sumniei 
On the last admission he complained of asthma which, as already noted, 
was controlled after iriigation of the sinuses, onl}'' to be succeeded b)‘ 
the arthritis Whethei food sensitiveness plays an additional role in 
the arthritis of this patient or whether, as seems more probable, the 
sinusitis was incomplete!} eiadicated it is impossible to state at present 
The striking sequence of events in these cases, the identification of a 
common focus of infection responsible for the asthma and arthritis and 
the elimination oi recession of the infection being followed in most 
patients by amelioration of the asthma and disappearance of the arthritis 
leads us to the conclusion that both conditions are mediated by the 
same agent, and we suggest that a similai mechanism, namely, bacterial 
allergy, may be operatne m both 

In examining this conception it is impoitant to have a clear idea of 
what we mean by alleig} and especially, bacterial allergy 

On account of its raried connotations, a definition of allergy is a 
most difficult task To facilitate the understanding of its current status, 
a brief review of its evolution may be timeH 

Originally emplo}ed b} Pirquet^ in 1906 to designate “Reaction- 
fahigkeit” or the reacting capacit} of activel} sensitized and artificially 
prepared animals to the original antigen, it w^as used later by the same 
author to describe reactions of man to foieign substances Cooke and 
Vander Veer - and Spain " however, by careful clinical studies have 
been able to demonstiate that certain persons in this allergic group are 
ladically different fiom normal peisons, by heredity, and possess the 

1 Pirquet, C Allergic, Munchen med Wchnschr 53 1457, 1906, A]lerg^ 
Arch Int Med 7 259 (Feb ) 1911 

2 Cooke, R A, and Vander Veer J Immunol 8 163, 1923 

3 Spam, W C , and Cooke R A J Immunol 9 521, 1924 
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i,icult\ ot spontaneoush reacting to foieign pioteiiis, in other words 
the} are naturally hypersensitive Prausnitz and Kustnei ^ and de 
Besche ^ found that the serum of such patients contains specific bodies 
(reagins) capable of sensitizing the noimal human skin Reagins ot 
the same character have subsequent!} also been found in artificially 
sensitized patients Nevertheless, Coca® felt that m order to differ- 
entiate those artificially sensitized fiom those who are spontaneous!} 
sensitn e, the latter should be designated as atopic 

As normal persons who do not possess atopic charactenstics may on 
aitificial contact vith certain foreign substances, such as horse serum 
or bacterial proteins, acquire and manifest similar reactions, that is, 
reactions characterized by an anaphylactic-hke mechanism seen in 
atopic patients or in animals, such peisons may also be designated as 
allergic 

The term allerg} foi the present theiefoie, m contrast to atopy 
may serre as a generic term to indicate sensitiveness of the atopi^ and 
acquired type to foreign proteins, chemical substances and bacteria 
^^dlether the ability to acquire sensitiveness is universal or requires a 
special predisposition is difficult to state with certainty In view of the 
fact, howevei, that the same agent that induces alleigic manifestations 
in one individual does not do so m another seems to imply that peculiar 
constitutional factois play a role 

These factors are evidenced not only m localized cellular tissues, 
but embrace the humoral as well as the neural structures, particularly 
the Aegetative nervous system and its various ramifications 

In asthmatic persons the autonomic system is particularly vulnerable 
The A'agus and its reflex paths may so readily be affected by various 
exciting agents that the lung is readily thrown into shock The 
occurrence of a similar phenomenon m the guinea-pig’s lungs caused 
Doerr ' to call it “the shock organ ” Coca,® transposing this idea to 
the human being, designated tissue manifesting altered reactivity as 
“shock tissue ” That in the atopic patient a single substance like shell 
fish may simultaneous!} induce reactions of several shock tissues, such 
as the lung, skin and joints, inducing asthma, urticaria and arthritis, is 
well known Similar effects may follow in persons whose sensitiveness 
IS acquired To demonstrate such sensitiveness to soluble proteins by 
means of skin tests, etc , is comparatively easy How’-ever, in dealing 
with chemical agents or bacteria, numerous difficulties present them- 
seh es 

4 Prausnitz and Kustner, H Centralbl f Bakt 86 160, 1921 

5 de Besche \ Am T M Sc 166 265 1923 

6 Coca, A F Atop\ The Newer Knowledge of Bacteriology and Immunol- 
ogi Qiicago, Universitj of Chicago Press, 1928 

7 Doerr R Ergebn d Ha g , Bakt , Immunitatsforsch u exper Therap 
5 71 1922 
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In the study of allergy to bacteria the question naturally arises 
What IS It that sensitizes the individual, the whole oiganism, the 
so-called soluble specific substance, the somatic pioteins oi the toxins^ 
It IS obvious that the piimar}'- effects of toxins must be taken into 
account in iiiteipretmg lesults in disease in human beings Toxins have 
thus far not been proved to be lesponsible foi allergic manifestations 
On the othei hand, Wells® made the suggestion that toxins may 
lepresent a combination of a pure toxic radical which does not give a 
positive reaction to chemical tests foi proteins and attached proteins, 
and that such radicals may split off more or less completely from then 
paiticular protein vehicle and reunite with the proteins of the animals 
into which they aie injected, thereby serving as a sensitizing antigen 
Analogies foi this process may be found m the reactions taking place 
' between nonprotein substances, such as iodine, salicylates, arsenic, etc , 
which are supposed to unite with the individual’s own protein, thereby 
converting them into foieign piotems which serve as antigens Land- 
steiner’s ® well known work with the azopiotems may seive as an 
example of such synthesis m vitio 

Convincing proof, however, of the actual occuirence of such com- 
binations with toxin is lacking As a mattei of fact, the work of 
Zinsser and Gnnnell and of Dochez and Stevens tends to disprove 
such an antigenic role Dealing with streptococci, these authois weie 
able to segregate a neutralizable toxin, and thus demonstiate that the 
hypersensitiveness obtained was due to a nonneutralizable bacterial 
product This natuially leads one to other bacterial products as souices 
of allergic reactions 

In 1925, employing sti eptococci, Zinssei and GrinnelP® were able 
to sensitize guinea-pigs and subsequently elicit skin sensitiveness with 
streptococcus material, especially Dick filtrate, conespondmg, in mannei 
of production and in impoitant attiibute of heat stability, to tuberculin 
They suggested at this time that such streptococcus allergy might have 
some relationship to ceitain foi ms of arthritis m which the association 
of sterile joint conditions with sti eptococcus infection had been 
recognized clinically Sensitizing guinea-pigs with hemolytic strepto- 
cocci as well as pneumococcus autolysates in 1927, these woikers again 
weie able to obtain skin sensitivity more severe than that seen in the 
most extreme reaction to tuberculin In a number of their guinea-pigs, 
when satisfactory skin sensitization had been obtained with the pneumo- 

8 Wells, H G The Chemical Aspects of Immunity, New York, The Chem- 
ical Catalog Compan 3 ’-, 1925 

9 Landstemer, K Biochem Ztschr 104 280, 1920, J Exper Med 39 631 

1924 

10 Zinsser, H , and Gnnnell, F B J Immunol 10 725, 1925 

11 Dochez, A R, and Stevens, FA J Exper Med 46 487, 1927 
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coccus autol}sate, this niateiial injected into the joints caused tlic 
development of swollen joints, whereas in noimal controls as w^ell as 
in animals m which skin tests were negative, showing an absence of 
allerg}, the joints were unimohed Zmssei and Gunnell felt that 
many substances analogous to then pneumococcus autolysates may be 
liberated from the bacteria within the infected body in the case of 
organisms not subject to test tube autohsis, and suggested that this 
process m the course of pneumonia might occur in the lungs and furnish 
sensitizing antigens m considerable quantities If this is so, it may 
serve to explain the infectious asthma that vve have described in asso 
ciation with unresolved pneumonia 

The more lecent vvoik of Francis and Tillet^- has substantiated 
to a gieat extent the eailv observations of Zmssei and Gnnnell By 
injecting t} pe-specific polv sacchai ides ot the pneumococcus capsule 
intradermally into patients with pneumonia following the crisis, they 
were able to demonstrate definite cutaneous leactions m certain instances 
with carbohydrates homologous to the type of pneumococcus causing 
infection m the patient The chaiactei of the cutaneous reaction is 
urticaria-hke in appeal ance, and luns its couise in one or two hours 
The leaction caused b} the pneumococcus piotem, on the othei hand, 
IS similai m appeaiance and ev'olution to that ev^oked b} tubeiculm 
Such positiv'-e leactioiis leach their maximum intensity within about 
twentv-four hours after injection and sometimes require from three 
to four days to subside completely The capacity of the patient to 
react to the piotem bears no relation to the type of pneumococcus 
cauMiig the infection 

Fatal anaphv lactic shock with nitrogen-free bacterial carbohydi ates 
of pneumococcus tvpes II and III in guinea-pigs passively sensitized 
with the precipitating serum of rabbits immunized with pneumococci 
of the homologous type has been obtained by Avery and Tillet 
Tomcsik and Tomcsik and Kurotchkin,^® isolating specific cai bo- 
hydrate material fiom B lactis-aerogenes found that the pneumo- 
bacillus and a yeast were likewuse able to induce fatal anaphylactic 
shock as well as positive uterine contractions, accoiding to the Schultz- 
Dale technic in passiveh’^ sensitized guinea-pigs Similar results have 
been reported bv Lancefield working wnth streptococcal carbohydrate 
substance in guinea-pigs passnelv sensitized with antistreptococcal 
serum 

12 Francis, T , and Tilkt W J J Exper Med 52 561, 1930 

13 Averv. O T, and Tillet, W J J Exper Med 49 251, 1929 

1- Tomcsik K Proc Soc Exper Biol & Med 24 379, 1927 

15 Tomcsik, K and Kurotclikm, T K J Exper Med 47 379, 1928 

16 Lancefield R C J Exper IMed 47 379 1928 
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In the field of infection with hemolytic streptococci, bacterial allerg}^ 
IS found in certain phases of scarlet fever and erysipelas This has 
been shown by the woik of Dochez and Stevens,^’- Birkhaug,^' Zinsser 
and Gunnell,^® Mackie and McLachlin and Kirchner^'’ In these 
studies, although the primary inoculation was fiequently made with 
cultuies of the respective sti eptococci, the test substance was a broth 
filtiate 01 some bacteiial fi action 

Expeiiments with vaiious nonhemolytic sti eptococci have been 
cai 1 led out by Derick, Hitchcock and Swift in connection with their 
studies in rheumatic fevei which led them to the conclusion that focal 
infection lesultmg fiom inoculations with nonhemolytic streptococci 
may be followed by a state of hypersensitiveness This is evidenced by 
“inci eased skin reactivity to remoculation with small doses of strepto- 
cocci, by marked reactivity of the scarified coinea to installation of 
sti eptococci into the conjunctival sac, and by the death of many of the 
animals following mtiavenous inoculations with cultures in amounts 
veil tolerated by normal animals” 

Finally, the stimulating investigations of Zinsser on tubeicuhn 
hypei sensitiveness, which may give a clue to the elucidation of the 
Poncet t)pe of tuberculous aithritis, have recently been further 
elaboiated by Lewis and Seibert These workers have been able to 
show that pioteins isolated from filtrates of acid-fast bacterial cultures 
on synthetic mediums are actively anaphylactogemc By the use of the 
anaphylactic reaction they were also able to establish a definite antigenic 
relationship between the thiee types of tubeicle bacilli piotems, and to 
sensitize passively noimal guinea-pigs with precipitating serums fiom 
guinea-pigs immunized with tuberculin protein 

Fiom this biief summary of lecent work on bacterial alleigy, it is 
obvious that evidence is rapidly accumulating to the effect that the 
alleigic state is part of the immunologic mechanism accompanying 
infection Before antibodies have been accumulated to any extent in 
the circulation, the phenomenon is mainly cellulai , the first stage 
expi esses itself in an extraordinary irritability of the cell in contact 
with the antigen We may say with Zinsser, that “m bacterial allergy 
we aie dealing with sensitization of the body by autolytically liberated 

17 Bnkhang, K E J Infect Dis 40 549, 1927 

18 Mackie, T J , and McLachlin, D G J Bnt J Exper Path 8 129, 1927 

19 Kirchner, 0 T Ztschr f Immunitatsforsch u exper Therap 55 157 
1928 

20 Derick, C L , Hitchcock, C H , and Swift, H F Canad M A J 20 
349 (April) 1929 

21 Zinsser, H J Exper Med 34 495, 1921 

22 Lewis, J H , and Seibert, F B J Immunol 20 201, 1931 
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antigenic substances, which are absorbed fiom any focus in which 
bacteria reacted to inflammatory tissues, and as a lesult of which the 
iiody IS rendered subsequent!}'' sensitive to contact with the same 
autolytic products, whether they aie liberated and absoibed from a 
chronical!} existent focus, oi horn an identical infection subsequently 
acquired ” 

In the clinic, mteipietation of bacterial allergy m much more difficult 
The complex reactions accompanying immunologic processes m the 
human being are as }et not sufficiently elucidated Positive skin tests 
wnth bacteria or their products do not alw'ays establish an etiologic 
lelationship between the organism and the disease under investigation 
The reason may perhaps be found m the following facts 1 Proper 
antigenic fractions of the incriminating bacteria are not yet available 
2 There may be a relationship between protein fiactions of certain 
bacteria and heteiologous oiganisms that may give rise to confusing 
reactions 3 Invasion w'lth living bacteria may so alter the tissues that 
secondary antigens ina} develop and be lesponsible for allergic 
manifestations 4 The occmience of minoi secondaiy bacterial infec- 
tions m the respiiatory passages oi the continuous focal presence of 
certain ubiquitous organisms m the hosts may be responsible foi posi- 
tive leactions on mtradeimal injection, so that leactions with so-called 
specific antigens may be obtained m normal peisons and be of no 
special significance 

In Mew' of^SLich difficulties, conclusions as to the natuie of this syn- 
drome must be based on a clinical mterpi etation of symptoms m the light 
of established experimental and empiiic data The evidence at hand 
that leads us to suspect that the aithiitis may be of the same nature as 
the asthma rather than coincidental is therefoie partly cii cumstantial 
and partly factual It is founded (1) on analogies of essentially atopic 
sjndromes following the injection of soluble foreign piotems, such as 
horse serum, etc, m which asthma, arthritis and uiticaiia may occur, 

(2) on the fact that infectious asthma due to allergy to bacteiia, wdnch 
is admittedl} an accepted clinical entity, may be associated wnth similai 
S} mptoms of arthritis , the allergic nature of this condition is furthei 
supported by the obseivations of Zmssei ““ to the eftect that ''experi- 
mentally, m bacterial alleig}, it appears that sensitneness of joints can 
be demonstrated as to some extent parallel to general sensitiveness”, 

(3) on the findings that the same foci remote fiom the joints w'ere 
responsible for the asthma as well as foi the arthritic symptoms , this 
is in line wnth the w'ork of Swift, Hitchcock and Derick wdnch indicated 

23 Zinsser, H The BactcriologA of Rheumatic Fc\er and the Allergic 
H^potllcsls, Arch Int Aled 42 301 (Aug) 1928, Bull New York Acad Med 
4 351, 1928 



707 








liAVy 




i\se 




*e , . OQ Y ctea?P«'‘t.«o« »" ‘'® _ te 


tbe 


dv« '■“ ::..^,ede<i99_:4rtecW'‘Vi';,^^;.UOil »■ be =- ^^,e e 


"“f oi ** 


S\teS, 


the 

he 


M . -ns« >r'Se O' fSoS 

irr » -fSf , S ■« -ff i .it: 


':;U 


\_\ae^ 


asop 


,hafy^’'' 


oi tvJO 


as' 


gcast 

h^ 
in 
pat^ 


^ I'H- ^ * \ C 

„r:= s:';‘tr-*"“’ 

i»»**' “Zi* •"*'"."'»«''^.““'eti"- 


oi the 


S^' 

athn^a 




a\ 


^Vvthvs 


otnp' 


an^e' 


.d^y 


aiwon 


o 


i at 




to 


.nses 


an 


, lungs cons"' 
<i'“7estei'ons 
eness 


ecco"- du^s";';,,, i'on- ,n sn-'-^.ut n^en- 

" “'" .“ '5." "“ "ii-'iss—*" 

‘ V'O O ^vns 000-'?^ .. ».c Si®? u,, at 


oo 

,.v\tetess 
lit it''0 ° 


\ tVlC \ - t\'VC. 

vvhe^ ^ ,,,<,^des -^veed, tva 




,t\atna 


ot 


the 


^V-vtvhs 

lniovn,«— ,,.ch as --^.^..ence u. - , ox ^ co^^tlhc 

to snteiooo^.usitsi "°.',uitvt®s. cnvtsed^^ 


on c’*®!, oi e 


thtno^* 


ds 

□\ete 


atop' 


anx 


the 


oi *'=nr; oi ^2. f 'L^noc , otetgv 

ent 'oces-f^u eigW "i j ^ovetti.’ .1.1 e^tdeoce "i ^^,,oUtoei^i^lbe 

cooeWSto" i ,,ing 
to *e 0°' occotn?''™ 


secvo^^*' ^.wxns 
£ the a^t ^-feqo' 

tsited to i'l oi tec. 


lexxcy 


^"’''■‘IvtWtng c-n 

etit seen®. .,io as sens 


^dhxons 


such 


ns 


nxiee-“ ^s 

oi *' 


etc , ''<'''oto«c «'«' 
,vnnnoto*= 


ohan^^^ 




?stt 

^ . o cittotnc l-i:;.;stetn st.;;^,ot tesc 
i''*°" ,..-,ua ttidoccAp , utedtnn'S® sston oi 


hetgV 


t iuiecno’^l hHs ^v\e 

o^ ... atthtths 


.non 


nx 


nxx 


is 


adnn^^^„ ptohe 


sanxe 


adtnxx^ 

ioctvs 


\s 


tn 



70S 


ARCHU'LS OF INTERNAL MEDICINE 


allergic peisons in wiiom the lungs aie the piimaiA and the joints the 
secondary shock tissues 

In the present state of knowledge dnect pi oof of bacteiial alleigj 
b} means of skin tests is difficult to obtain Inteipietation of the nature 
of the asthma-arthritis syndrome in oui patients on the giounds of 
allergy to bacteria is based, therefore, on known accepted expeiimental 
and clinical facts as well as on analogies to similai clinical pictuies in 
the domain of piotein h} pei sensitiveness, such as seium sickness etc 
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“EXPERIMENTAL AGRANULOCYTOSIS” 

To the Edit 01 —In the Januarj 1932, issue of the Archhes of Interval 
Medicine is an article entitled “Experimental Agranulocj tosis,” bj’’ B M Fried 
and William Dameshek 

This article implies bv title and indicates to the casual reader that the disease, 
agranulocj tosis has been produced bj the intraienous injection of Bacillus 
piocjaneus into rabbits 

It IS the purpose ot this communication to correct anj such impression and 
to call attention to the fact that the results obtained bj the authors may be 
duplicated by a wide \arietj ot substances, including milk, nonspecific proteins 
dead and luing bacteria and larious tjpes of inert, finelj divided material 

In the interpretation ot their results, tlje authors eiidentlj oierlooked the fact 
tliat a pronounced temporarj granuiocj topenia results from the intravenous injec- 
tion of anv of the foregoing substances This has long been recognized bj 
research workers and those familiar with hematologic reactions m rabbits Wells 
(Leucopenia and Leukoev tosis in Rabbits, / Infect Dts 20 219 1917) injected 
dead tvphoid bacilli, streptococci and staphj Iccocct into rabbits, and concluded 
“There occurs regular!} in the blood, followung intravenous injections of foreign 
proteins a marked reduction of leukocjtes, and after several hours, a marked 
increase of leukocytes ’ Ir comiection with this quotation, it is significant that 
Fried and Dameshek killed most of their animals at the end of twentj, thirtv, 
fort} and seventy minutes, respective!}, at times when the leukopenia was marked 
Had thev been allowed to live, a leukocj tosis probablj would have developed 
Doan and his associates (Doan C A , Zertas, L G , arren, S and Ames, 
O A Stud} of the Mechanism of Nucleinate-Induced Leucopenic and Leucocj'tic 
States, with Special Reference to the Relative Roles of Liver, Spleen and Bone 
Marrow / Ex pci ilcd 47 403,1928) showed clear!} that in normal rabbits sodium 
nucleinate induces an immediate, temporarj leukopenia due to accumulation of the 
granuloc} tes in the spleen, and that this then is followed by leukocj tosis, whereas 
in splenectomized rabbits the leukocj tOsis is immediate 

Since the publication of the work bj Fried and Dameshek, I have duplicated 
all of their reported experiments, using dead tjphoid bacilli, and m the larger 
doses have produced a degree of granuiocj topenia, amounting in some instances 
to complete absence of granular cells That is, if the term agranulocytosis is 
justified bj these authors, it can be produced as well with dead typhoid bacilli 
or am other dead bacilli as with living B pvocjaneus 

I vv ish to differ therefore from the implication bj title and text that agranulo- 
cj tosis was produced bj these workers, and to call attention to the fact that thej 
evidentlj overlooked the well accepted leukopenia that temporarily follows the 
injection of such substances If desired I will be glad to submit records of animal 
experiments duplicating their findings with dead tjphoid bacilli 

Also, in connection with the subject of agranulocv tosis I should like to offer 
a criticism of the proposed term “hv pogranulocj tosis” used bv Conner and his 
associates m the same issue of the Archives or Intern- vl Medicine (Conner, 
H ^I , ^largohs H i^I Birkeland, I M , and Sharp J E Agranulocj tosis 
and Hv pogranulocv tosis, Arch Ixt Med 49 123 [Tan] 1932) 
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Tins term, first used b\ ^^'^elss, should be abandoned because of its obvious 
incorrectness, meaning “a decreased number of increased granulocs tes ” A better 
one, as proposed by Roberts and m)'self (Roberts, S R , and Kracke, R R 
Agranulocs tosis Its Classification, Amt Inf Med 5 40, 1931), and consistent 
with accepted termmologs, w'ould be “granulopenia” 

Ro\ R Kracke, 111 D , Eniorv University, Ga 


fo tin Edilo! — In our studies on experimental agranulocytosis w'e used 
Salmonella suipestifer and not Bacillus p}'oc}aneus, as mentioned by Roy R 
Kracke The purpose of our studies w’as to determine the possible similarity 
between the blood piclutc as seen in agranulocytosis in man and that found in 
one foim of experimental sepsis in rabbits Our experiments w'ere undertaken 
in connection wuth statements to the effect that human agranulocytosis is a 
disease siit genens The experiments have showm that granulocytopenia may be 
obser\cd in this form of experimental sepsis How^ever, no claims w'ere made that 
the micro-organism used m our experiments was the essential cause of the disease 
in man or that other bacteria might not produce the same disease in the rabbit 
Simultaneouslj wuth our paper in the Archives, there appeared an article 
bj Roj R Kracke, bearing the identical title that ours did “The Experimental 
Production of Agranulocytosis” {Am J Cltn Path 2 11 [Jan] 1932) It is 
interesting that in this article, to wdiich there is no reference in his letter, Kracke 
IS emphatic in stating that “subcutaneous injections of benzene and olive oil 
resulted in the development of clinical agranulocytosis in rabbits ” 

We are aware, as is Kracke, that a pronounced temporary granuloc 3 dopenia 
may be induced in the rabbit by hematogenous injection of a number of sub- 
stances and of various bacilli Thus, in quoting unpublished data obtained by us 
on the peripheral blood picture of rabbits infected wuth tubercle bacilli, one of 
us (Dr Fried) stated {Aich Path 12 689 [Nov] 1931) that “studies on the 
peripheral blood of rabbits infected with tubercle bacilli reveal that the infection 
11 follow ed b\ an almost instantaneous leukopenia ” 

Ihose wdio have read our paper in the Archives have noticed that only a 
small group of our animals w'ere killed shortly after injection of bacteria in 
order to stud} the response of their bone marrow The majority of rabbits, 
ot which onlj a few illustrative protocols were given, lived for sev^eral dajs 
Kracke states that he w^as able to induce agranulocj tosis in rabbits wuth dead 
tv phoid bacilli, also quoting Wells and Doan who produced temporarj' pronounced 
granuloc} topenia wuth staphjdococci, streptococci and other organisms and sub- 
stances It IS thus of interest that on page 13 of his article, to which we have 
referred, the following statement is made “I hav^e injected v'arious organisms 
isolated from the blood-stream of patients with the disease (agranulocytosis) and 
in each instance have failed to depress the leukocyte count ’ 

\\ c too would not object to replacement of the term agranulocytosis by that 
oi “granulocv topenia” (and not granulopenia, as suggested b> Kracke) or of 
malignant neutropenia,” as suggested by V Schilling and used recently b}' 
Dameshek and Ingall {dm J M Sc 181 502 [April] 1931) m a clinical report 
ot this condition 

B M Fried, kl D , and 

WiLEi \M D VMFSHEK, M D , Boston 

4S3 Beacon Street 

484 Commonwealth \venue 
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Cancer and Race A Study of the Incidence of Cancer Among Jews By 
Maurice Sorsby With a preface by Lt Col F E Fremantle Price, $3 
Pp 120 New York William Wood and Company, 1931 

This IS a distinct contribution to the literature on cancer, it is of far greater 
value than many statistical studies published m the past, because the author recog- 
nizes the limitations of the validity of his statistical material and refrains from 
making unjustifiable deductions therefrom The theme is set forth m a quotation 
from Roger Williams’ book on the “Natural History of Cancer” “The Jewish race 
being widely scattered throughout the world and the conditions of existence of its 
various communities being accordingly diverse, is admirably circumstanced for 
illustrating the comparative importance of race factors vetsus conditions of 
existence, m determining the incidence of cancer” Furthermore, the Jewish 
people have in certain cities to a large extent maintained the pure strain of their 
race They have kept, to a considerable point of detail, accurate returns over a 
long range of vears Their ritual laws and habits, moreover, have established 
definite conditions that differentiate them from the other communities in which 
they live, and these conditions might be expected to have an influence on the 
incidence of cancer This difference and its bearing on the causation of cancel 
have long been recognized and widely discussed Under the Jewish Health 
Organization of Great Britain, Dr Sorsby has carried out a careful and compre- 
hensive investigation of the subject The results are presented in this book and 
will be found both interesting and instructive 

A consideration of the mortality from cancer among Jews reveals that the 
total mortality varies m different Jewish communities, tending to approach that 
of the non-Jews of that particular city, i e, it follows a geographic rather than 
a racial distribution Also, the incidence of cancer per organ in some respects 
shows striking differences among Tews compared to non-Jews 

The frequently reported observation that cancer of the uterus is relatively 
infrequent in Jewish women as compared with the Gentile women of the same 
communities is fully corroborated, and is checked by the demonstration that cancer 
of the breast does not show anv appreciable difference, while cancer of the gastro- 
intestinal tract seems to be more frequent among the Jews Cancer of the penis 
is almost never recorded in Jewish patients, and as the same infrequency is 
observed m the circumcised Mohammedans, this rite is given credit for the 
immunity rather than any racial difference Therefore, the low incidence of cancer 
of the cervix is also thought to depend not on any racial property, but solely on 
local conditions, probably the sexual hygiene of the Mosaic code, of which Sorsbv 
says, “It IS the lasting achievement of the Mosaic code that it has taught Jewish 
w omen that v^agmal discharges are essentially pathological and avoidable ” 

While this conclusion may be correct, and racial characters are not responsible 
for this peculiant}, we have before us the apparently equally marked exemption 
of Japanese women in respect to cancer of the breast, without the benefit of 
Mosaic law 

Asthma and Hay-Fever in Theory and Practice By Arthur F Coca 
Mathew Walzer and August A Thommen Price, $8 50 Pp 850 Spring- 
field, 111 Charles C Thomas, 1931 

This book IS written m three parts Part one consists of 117 pages and was 
written by Dr Coca In this section, hvpersensitiveness, anaphylaxis and allergy 
are discussed from a theoretical standpoint The literature is covered thoroughlv 
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and an attempt is made to clarify many of the terms that have arisen in these fields 
\ table IS presented giving the essential diflterences between anaphylaxis atopy, 
hjpersensitneness of infections, contact dermatitis and serum sickness These 
subjects are discussed in great detail from the standpoint of occurrence, age of 
onset, how established, herediU, mechanism, reaction of the guinea-pig, reaction 
of the human skin and possibihh of desensitization The last chapter of this 
section IS devoted to the preparation of extracts and solutions for use in testing 
and treatment in human hj persensitiveness 

Part two IS devoted to the consideration of asthma and covers the next 370 
pages Dr Walzer discusses the earl> historj of the disease, and then at great 
length writes about the theories of asthma, the pathology, etiology, clinical course 
and s} mptomatologj , complications and treatment These subjects are covered 
admirably and m an interesting manner The literature has been covered excep- 
tionally w^ell, and, m addition, the author expresses his own views thoroughlj 
Dr Thommen assisted Dr Walzer in wmiting the chapter on “The Methods of 
Testing for Hypersensitiveness,” and Miss Katherine Bowman assisted in the 
chapter on “Atopens and Other Excitants ’ This last chapter is of a great deal 
of interest because of the detailed discussion of every excitant References are 
given for more complete studj’^ of each substance 

The third part, devoted to the discussion of hay fever, consists of 300 pages 
and IS written by Dr Thommen The history of hay fever is taken up first, and 
then the essentials of flower structure and the process of pollination are discussed 
Before the etiology and mechanism of hay fever are considered, the author describes 
in the greatest detail all the plants, grasses, trees and weeds that have any bearing 
on the disease The practical side of the diagnosis and treatment of hay fever 
is as well discussed as the theoretical consideration in the earlier chapter The 
whole subject is handled in an admirable manner 

The book contains a wealth of information and a bibliography that is hard 
to surpass It should be of the utmost value to any student of hay fever and 
asthma 

Rontgenuntersuchungen am Innenrelief des Verdauungskanals, ein Beitrag 
zur klimschen Rontgendiagnostik insebesondere von Entzundung, 
Geschwur und Krebs By Prof Hans Heinrich Berg, Chefarzt der medi- 
zinischen Klinik der stadtischen Krankenanstalten in Dortmund Second 
edition Price 50 marks Pp 248, with 247 illustrations Leipzig Georg 
Thieme, 1931 

1 he first edition ot this work, published in 1930, is now offered in forty-six 
more pages and with fifty-four more illustrations The text is amplified, and 
more attention is paid to technic and sources of error The most noteworthy addi- 
tions pertain to the esophagus, diaphragmatic herniations, the stomach on which 
an operation has been performed and the colon 

For those who are unfamiliar with the first edition, it may be said that the 
work IS one of the choicest contributions to the literature of gastro-enterology 
Berg, an old pupil of Forssell’s, pioneered in the systematic roentgenologic exam- 
nation of the digestive tube bv the use of sufficiently small amounts of barium 
to bring out the relief picture of the mucosa His disciples, notably Gutzeit, 
Vlbrecht and Knothe, have done much to further its development 

The book begins wnth a historical review% vihich is follow’ed by a detailed 
discussion of technic and of possible errors The underlying anatomic and physio- 
logic considerations are well presented Normal conditions are described and 
pictured The pathologic changes are criticallv discussed and beautifully illustrated 
with excellent reproductions of films and frequently with photographs of the 
anatomic specimens It is a pleasure to recommend this classic most highly to 
■’ll ‘itudents of roentgenologv and gastro-entcrologv 
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PAIN IN MUSCULAR ISCHEMIA 

ITS RLLATIOX TO AKGIKAL PAIK 

THOMAS LEWIS, MD 

LOVDON, ENGLAND 

The tenn angma pectoi is is usually and propeily used to indicate 
the disease as it was desciibed b}’' Heberden and his contemporaries 
It IS not with the general pathology of this disease that I propose to deal, 
but latliei witli one problem related to it, namely, the oiigin of the pain 
that chaiactenzes the attacks that lendei this malady so distiessing 
Theie is peihaps no S3anptom fainihai to clinicians that has given use 
to moie speculation than that of anginal pain The theories that have 
been put forward to explain it are too numeious to pass even in leview, 
such a leview will not be attempted, but the problem will be approached 
fiom a special angle that is lelevant to the new observations to be 
desci ibed 

The idea that angina pectoi is can arise out; of a morbid change in 
the coronal y vessels came, as Pany ^ has said, fiom Edward Jennei 
His idea was being fosteied a bundled and fifty years ago in the small 
Gloucestei shire Medical Society of rvhich Jenner, Pany and Paytheius 
were membeis Fiom his letter to Hebei den - it may be inferred, per- 
haps, that Jennei believed these r^essels to be unable to perfoim their 
functions, and that this failure of function is lesponsible for the painful 
spasms It IS, however, in the wiitwgs of the distinguished Welsh 
physician Pairy that the baneful effects of caidiac ischemia are first 
expressed with clauty His words constitute so important a step in the 
histoiy of this subject that they are here quoted 

The rigidity of the coronary arteries may act, proportionably to the extent of 
the ossification, as a mechanical impediment to the free motion of the heart, and 
though a quantity of blood may circulate through these arteries, sufficient to nourish 
the heart, as appears, in some instances, from the size and firmness of that organ, 

Submitted for publication, July 23, 1931 

From the Department of Clinical Research, University College Hospital 
Medical School 

The Frank Billings Lecture deluered in Chicago, Oct 31, 1931 This 
material was also used m the St Cyres lecture, London, May 14, 1931 

1 Parry, C H An Inquiry into the Symptoms and Causes of the Syncope 
Anginosa, Commonh Called Angina Pectoris, London, Cadell & Davis, 1799 pn 
3, 113 and 114 

2 Baron, J Life of Edward Jenner, London, H Colburn, 1827, p 39 ^ 
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^et there maj probabK be less than \\hat is requisite for read^ and Mgorous action 
Hence, though a heart so diseased may be fit for the purposes of common circula- 
tion, during a state of bodilj and mental tranquillitj , ani of health otherw ise good, 
jet ^^hen anj unusual exertion is required, its powers may fail, under the new 
and e-xtraordinarj demand Accordingly we find, that paroxjsms of the Sjneope 
Angmosa are readiU excited bj those passions, the tendencj of w Inch is to stimulate 
the heart to excessu e contraction ^ 

This clear and important statement is one of Parrj’s chief contribu- 
tions to the knowledge of angina pectoris It is not, how e\ er, the state- 
ment for which he is usuall)^ remembered Parr}"- w'as convinced of the 
essential part played b} syncope m the disease, and to him the S} ncope- 
of angina pectoris w'as equivalent to failure in the strength of the heart 
beat and led to cessation of its motion Parr}'^ overemphasized the fre- 
quence and therefore the importance of S}ncope Although m his 
recapitulation he said that angina pectoris “is a case of S}ncope, preceded 
by a notable anxiety or pain m the region of the heart,” thus acknowd- 
edging the pain as of earh occurrence m the attack, subsequently he 
described pain extending from the breast to the left arm as an “accidental 
sjmptom” and as one occurring m other states Thus, while Parry 
brilliantly conceives the heart to be crippled m its reser\e bj the 
mcapacit) of its nutrient vessels and thus explains the spasmodic nature 
of the S}mptonis, yet he keeps pain m the background and brings weak- 
ness of the heart beat into the foreground The impressive w ritings of 
Parry w'ere well known to Burns,® and the leading ideas m the following 
extract and m other relevant passages of Burns’ book coincide witli 
and are clearly derived from those of Parry Thus Burns said 

In health, when w'e excite the muscular sj^stem to more energetic action than 
usual, we increase the circulation in e\erj part, so that to support this increased 
action, the heart and e^er}' other part has its pow'er augmented It, how'e^er, we 
call into Mgorous action, a limb, round which, we ha\e with a moderate degree 
of tightness applied a ligature, we find that then the member can onh support its 
action for a very short time, for now its supply of energv and its expenditure, 
do not balance each other, consequentlv , it soon, from a deficiencv of nervous 
influence and arterial blood, fails and sinks into a state of quiescence A heart, 
the coronarj vessels of which are cartilaginous or ossified, is m nearh a similar 
condition, it can, like the limb, be girt with a moderatelv tight ligature, discharge 
Its functions so long as its action is moderate and equal 

Burns here compares the heart and the hmb to which the blood flow 
IS impeded, but m doing so he followed Parrv^’s lead and wrote, not 
of pain but of an organ failing and sinking into a state of quiescence, 
as did Krevsig'* a few vears afterward and Benjamin Brodie ® fortv- 

3 Burns A Observations on Some of the Alost Frequent and Important 
Diseases of the Heart, etc, Edinburgh, Brjee &. Companv, 1809, p 138 

4 Krcvsig Die Krankheiten des Herzens 1816, pt 2 p 512 

5 Brodie, B C Lectures Illustrative of Various Subjects m Pathologv and 
Surgerv, London, Longman [and others], 1846, p 360 
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seven }eais after Parr}',*^ in making similar comparisons As will be 
seen a little later, when a voluntary muscle is deprued of circulation 
and IS vigorously worked, pain and not weakness brings its movements 
to an end If one holds Parry’s view that, in anginal attacks, weakness 
ot beat and sincope are common manifestations, then Burns’ analog} 
would possess moie point, and it would be more impoitant if one weie 
considering onl} prolonged anginal attacks threatening to depnve or 
actually depiiving the subject of life Burns’ analogy has not the same 
histoiical Significance in relation to the production of pain, which is 
here under particular consideration It is not until one considers the 
work of Potam ' (1866), who had behind him the full accounts of his 
countiymen on "mteimittent claudication,” that one finds pain aiising 
from heart and fiom the limb cleaily compared Thus, the important idea 
of cardiac pain aiismg out of an ischemic condition ® of the working organ 
has giown slouly but steadily toward clarity, it has not failed to find 
notable support ° (as by Balfour,^® Huchard and Mackenzie^-) 

If one IS to grasp fully the possible significances of compaiing pain 
arising in a working limb and in the heart, each inadequately supplied 
by blood, and if one is to ascertain if the comparison leads one ultimately 
beyond a simple analogy to find a fundamental pain factor common to 
the two instances, it will be necessarj to analyze the mechanism of such 
pain moie closely and to obtain clearer ideas of the factors influencing 
It than has been done hitherto The idea is too important to be left 
at the stage of h}pothesis 

I shall begin, theiefoie, b} consideiing at some length how in the 
case of the limb such pain arises 

6 Brodie ho\ve\er was the first to draw the analog}, between intermittent 
claudication and angina 

7 Potam, in Dictionnaire encyclopedique des sciences medicales, Pans, Y 
Masson et fils, 1866, lol 4, p 346 

S While it will be agreed that pain is an almost constant and a chief feature 
ot the anginal seizure, the idea that ischemia of the heart is responsible for no 
more than pain is one that could scarcely be allowed The text emphasizes the 
SMuptom pain because pain is the simptom the mechanism of which is under 
consideration 

9 A clear account has recently been published by C S Keefer and W H 
Resmk (Angina Pectoris A S}'-ndrome Caused bv Anoxemia of the Myocardium, 
Arch Int Med 41 769 [Tune] 1928) 

10 Balfour, G W The Senile Heart, Its Simptoms, Sequelae, and Treatment, 
London, A &: C Black 1896 

11 Huchard, Henri Traite clinique des maladies du coeur et des \aisseaux, 
Pans, O Dom 1899, \ol 2 p 151 

12 Mackenzie, James Angina Pectoris, London Oxford Unnersitv Press 
1923 p 36 
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THE ORIGIN or PAIN IX ISCHEMIA OP THE LIMB 

T\\ 0 mam view s ha-\ e been held m attempting to account foi the pain 
m ischemia of the woiking limb One of these, which is still chiefly 
favored on the Euiopean continent, is that pain comes fiom aiterial 
spasm This Mew^ may be dealt with biiefly and excluded, since 
Pickering Rothschild and I have found it easy to show that wflien the 
muscles of the forearm aie exercised wfliile deprived of blood supply, the 
\essels to the coiiesponding part of the limb actually lose their tone If 
the circulation to an arm is aiiested and the muscles of the foiearin are 
exercised vigorousl} until pain is intense plethysmographic records 
demontrate that, immediate^ after the circulation is released and exeicise 
IS stopped and wdiile pain still continues, the foreaim is flooded with blood 
owung to the vessels being at the time widely open 

The second view' wdiich has been more favoied m England, is that 
the pain is of muscular origin Charcot^"’ was fiist responsible for this 
Mew' though he had the idea that the muscle enters on a condition of 
cramp, which he likened to “cadaveric rigidity,” an idea that, as will be 
seen later, is untenable There has been, in fact, little or no obser- 
vational work that thiows light on the mechanism of the pain under 
consideration and recognizing this Dr Pickering, Dr Rothschild and 
I undertook a series of new observ'ations,^'* which will now be dis- 
cussed 

The exeicise used has been a simple gripping movement The coii- 
ti actions are almost maximal, at the rate of one a second The circu- 
lation IS arrested during the exeicise by means of a sphygmomanometer 
cuft, which IS distended to a high pressuie on the upper arm In an 
observation of this kind, pain begins from about twenty-five to fort3'-five 
seconds (or the same numbei of contractions) after the beginning of 
exercise , it dev'elops progressively, increasing in intensity and rendering 
a continuation of exercise still v'lgorousl)' pursued, veiy disagreeable or 
intolerable at about the seventieth second It is to be emphasized that 
it the exercise is done under suitably controlled conditions, the time 

13 The corresponding idea has been held also in the case of the heart, namely, 
that anginal pam arises directlj out of spasm of the coronary arteries in cardiac 
ischemia (see Gallavardm, L Les angines de poitnne. Pans Afasson 5^ Cie, 
1925, p 126) 

14 Lewis, Thomas, Pickering, G W, and Rothschild, P Heart 15 359, 1931 

15 Charcot Progres med 6 99, 1887 

16 The fact that pain occurs in muscles exercised m the absence of a blood 
suppU has long been known It was an observation frequently referred to bv 
Mackenzie Zak studied the phenomenon (in 1921), but, as we think, misinter- 
preted it In our original paper we overlooked MacWilliam and Webster’s article 
(Brit III J 1 51 1923) this paper deals m the mam with the relation of pam 
and fatigue, but here and there covers ground similar to our own 
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at which pain develops to the point that for con\enience is termed 
intolerable can be estimated b} the subject within narrow limits of erroi, 
and the time proves to be lemaikabl) constant m lepeated tests by one 
subject and in different tests by dilfeient subjects The pain has a 
peculiar and chaiactenstic aching quality Although it may be described 
as rather diffuse, yet it is felt maximall} in the legion of the muscles 
most exercised Thus the situation in which it appears can readily be 
altered by throwing the burden of exeicise mainly on this or on that 
gioup of muscles An important point is that the pain is continuous, 
it does not increase appreciably with the conti action of the muscle, and 
it does not subside with the relaxation It is a smooth pain, gradually 
but constantly growing m intensity while exercise lasts Thus, it is 
shown to be independent of the tension developed during the contraction 
of the muscle 

The pain is not the result of cramp, for in none of our observations 
has there been any sign of tonic contraction, relaxation being complete 
between each movement We are not prepared to say that cramp never 
occurs as an accompaniment, but it is quite clear that cramp is unessen- 
tial to the production of the muscular pain described Tenderness is 
developed in the region where pain has been felt, namely, in the group 
of muscles most exercised, and ma}^ last for a long time after the pain 
has disappeared 

We have shown that the pain is not the direct result of a lack of 
oxygen Of these observations, the most conclusive is perhaps the 
following The forearm, deprived of its blood supply, is exercised in 
the usual way, and the exercise is continued until pain begins , this time 
IS noted After a period of rest, the exercise is repeated m exactly 
the same way, but it is stopped a few seconds before pain is anticipated 
Although the arterial occlusion is prolonged for a further period of five 
minutes, no pain develops Now if pain is to be attributed to lack of 
oxygen, it is clear that at the instant exercise ends the amount of oxygen 
in the tissues must have declined almost to the necessary level for the 
production of pain Yet, although during the immediatel} succeeding 
period oxygen will still be used up rapidly owing to the oxygen debt 
that has been established in the muscle, no pain develops Thus it is 
impossible to accept the view that in this experiment pain fails to 
develop simply because the oxygen deficiency is not carried far enough 
The relationship is not to the lack of oxygen but to the muscular exei- 
cise, and the time at which pain appears is governed by the amount 
of exercise taken If the rh}thm of muscular contraction remains con- 

17 P M Latham (Lectures on Subjects Connected with Clinical :Medicine, 
etc, London, Longman [and others], 1846, v'ol 2, chap 37) believed that cramp 
of the heart muscle causes angina, but this idea now finds little or no support 
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stant, then the pam begins earliest m those exercises in which the tension 
de\ eloped at each contraction is greatest On the other hand, if the 
tension de\ eloped is kept constant, then the time at which pain develops 
IS controlled by the ih3d;hm of the conti actions , the faster the rhythm, 
the quicker the pain will come Usuall_v the pam comes after a given 
number of contractions developing a given tension, whether the rhythm 
of contraction is slo-\\ oi fast From these experiments and from 
supporting evidence presentl} to be given, it is concluded that when 
muscles deprived of blood supply are exercised, the pain that develops 
IS due to a stimulus aiising directly oi indirectly out of the contraction 
process 

A most important clue to the nature of the pam mechanism is pro- 
rided by the following ver}' simple observations The circulation to 
the arm is arrested, and exercise is undertaken until pain develops to a 
given degiee If the exercise is now stopped but the circulatory arrest 
IS continued, the pain does not subside but continues It continues at 
the intensity that has been de\ eloped by the time exercise ends, and 
It IS maintained at this intensity so long as the circulation remains 
arrested But if the circulation is released at any time subsequently, 
the pain disappears completely within from two to four seconds This 
obser\ation has led us to the view that the pain is determined by some 
chemical oi physicochemical agenc) within the mass of muscle, for the 
factor undei lying pain continues unchanged until the circulation is 
restored, when it is promptly removed 

It will peihaps facilitate desciiption if I anticipate and state that we 
believe the stimulus causing pain to have its seat in the tissue spaces 
the reasons foi this belief will appear later When a muscle contracts 
changes such as the release of metabolites occur within its fibers, one 
obMous possibility is that these metabolites diffuse out and comprise 
the stimulating agent m the spaces, howcAei, we wish to avoid com- 
mitting oui selves to a conclusion in this form, since it is also possible 
that changes w ithin the fibei mav induce secondary and distinct changes 
vithin the spaces So it becomes necessar}’^ to keep relevant changes 
w ithin and v ithout the fiber as distinct ideas , we do so by naming the 
latter the pam factor or “factor P,” because it constitutes the immediate 
stimulus to pam 

^^’'hen a muscle is exeicised undei ischemic conditions, factor P, 
once formed lemains unchanged kloreover, it is cumulative, increas- 
ing in amount with each muscular conti action, it rises first to a level 
adequate to bring pain and then to higher levels, associated with increas- 
ing pam Because it is stable during circulatorv arrest it maintains the 
pam between muscular contractions and after exercise has ceased 

Consider next the interpretation of wFat happens when the circu- 
lation to the muscles is released In the usual exercise the time taken 
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for pain to develop from its beginning to its intolerable point is about 
thirty-five seconds The amount of factor P responsible for this devel- 
opment of pam IS dispersed in from two to four seconds of the restora- 
tion of the blood flow to the muscles This rapid recovery is, m oui 
view, a recovery confined to the tissue spaces Recovery -of the undei- 
lymg process m the fiber itself takes much longer If, a little time after 
release, the circulation is rearrested and the exercise is repeated, the time 
talcen for pain to reappear is shoiter than in the original exercise, and 
the amount of shortening is related to the shortness of the period of 
release intervening Actually, it is found that this period of release 
between two exercises must extend to ten minutes if the times for the 
development of pain in the first and second exercise are to be made to 
correspond This interval of ten minutes is the appioximate time taken 
for the recovery of the muscle fiber, so fai as those processes ultimately 
underlying the production of pam aie concerned 

If the exercise is begun and the circulation is arrested some time 
later, the exercise being continued, the preliminary period of exercise 
with free circulation is unaccompanied by pam, but it shortens the time 
taken for pain to develop in the subsequent period of exercise undei 
ischemic conditions Observations of this kind indicate that during 
muscular exercise with the circulation free the change within the muscle 
fibers that ultimately underlies pam occurs, but pain does not develop, 
since factor P cannot accumulate in the tissue spaces while these are 
under the influence of a free stream of blood Confirmation of this 
view is found in experiments of the following type If the exercise 
IS undertaken with the circulation free foi a period of two minutes and 
if the blood flow is then arrested and the exercise stopped simul- 
taneously, there is no pain, but pam develops after a latent period of 
about from twenty to thirty seconds and may become severe within one 
minute In this instance, the processes underlying the production of 
pam occur during the exercise, but factor P cannot rise to a correspond- 
ing level m the tissue spaces until some time after the circulation ceases 
When pam has developed m the usual exercise under ischemic condi- 
tions and has been abolished by release of the vessels, the pam returns 
after a latent period if the blood supply is rearrested The latent period 
is shorter and the intensity of the pam developed is greater if the period 
of release is short In this instance, factoi P is reduced or abolished 
m the tissue spaces during release and accumulates on rearrest , the level 
to which it reaccumulates naturally depends on the amount by which the 
muscle fiber recovers during the release 

These are the mam evidences for the conclusion already formulated 
that factor P acts in the tissue spaces, but is dependent on processes 
occurnng within the muscle fiber as a result of its contraction When 
the blood flow is arrested, the process m the muscle and the accumulation 
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of factor P in the tissue spaces occui pan pa^sn, with the circulation 
free the same process occurs in the muscle fiber, but the condition of 
the tissue spaces is kept relativel}' unchanged 

The obserxations here briefl}'^ lecorded are lelevant to the mam 
thesis of this aiticle They afFoid, for the first time, evidence for the 
belief that in ischemia pain arises from a working muscle, and that the 
stimulus is derived from physiologic processes in the muscle fiber 
Further, if the characteristics of anginal pain and the various circum- 
stances in which It aiises and is influenced are close!} considered in the 
light of these observations on somatic muscle, much that was previously 
obscuie becomes plain to the understanding 

\NGINAL PAIX 

Anginal pain is believed to lesult fiom lelative ischemia of the 
muscle Tins ^ lew does not ascribe it to a simple mechanical cause, 
but recognizes that it may be provoked in distinct ways Thus, it may 
be provoked if the blood supply to the muscle becomes diminished, 
while the work done lemains constant, oi it may be provoked if the 
blood supph fails to increase adequately to the needs of a muscle that 
IS called on to increase its woik 

Coionaiy Occlusion, Dwmushcd Blood Supply — One of the most 
powerful arguments for the theory that anginal pain is caused by 
muscular ischemia is the symptomatology of acute coronary occlusion 

It IS established be}ond any reasonable doubt by clinical obseivation 
that pain is pioduced b} occlusion of the coronar}'^ vessels, and that this 
pain is indistinguishable fiom that of angina pectoiis m situation, 
radiation and character If, as -would appeal, the pain of coronary 
occlusion IS moie frequentl} epigastiic than is the other, the fact is still 
unexplained, how^ever, coronary pain often staits in other places, in the 
region of the uppei pait of the sternum, ovei the precoidium or even 
in the left arm as does the pain of angina pectoris Starting usually 
in the chest it radiates to the left arm, both arms, the neck, jaw, 
abdomen or scapula, as does sioasmodic anginal pain The unfortunate 
sufterers m the two groups use a piecisely similai senes of descriptive 
teims in trying to make knowm the character of the pain In both 
groups a sense of weight or constriction as an integral part or accom- 
paniment IS refen ed to fiequently, as is also alaim that death is coming 
Those wdio are interested maj profitabh study the fine series of case 
notes published with autopsies b} Levine^" In clinical cases, the 

IS A full statement of the results uill be found in a contemporary publication 
(footnote 14) 

19 Lenne S A Coronar^ Thrombosis Its Various Clinical Features, Balti- 
more Williams S. Whlkins Companj, 1929 
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occlusion IS usually b} thrombosis (sometimes by embolism), forms of 
obstruction that are open to the very least objection as uncomplicated 
instances of arrested blood flow The patients afford a much safer 
source of information regarding the S3mptom pain than do experiments 
on animals m which there is deliberate iiitei ference with the coronary 
vessels Pearcy, Priest and Van Allen and Sutton and Lueth repeat- 
edly observed evidences of pain, referred seemingly to the left foreleg, 
after ligature of a coronary vessel or its branch m dogs These obseiva- 
tions corroborate \\ hat has been established chnicall} The chief value of 
Sutton and Lueth’s work lies in their failure to awaken painful impulses 
from the heart in aiw other wa}' than that of mtenupting the coronaiy 
stieam 

Since severe pam is known to occui when the coronary artery is 
occluded, whethei by ligature oi by internal clot it is difficult to refrain 
from concluding that it originates from the heait, as it does from the 
limb, thiough muscular ischemia, and since m the latter case it is con- 
cluded that the undeihing process occurs m the muscle fiber and is 
due to musculai contraction, the stimulus acting actually in the tissue 
space, it may be assumed that similar processes undeihe the pain of 
coronary occlusion All our evidence is quite compatible wuth this 
view The pain of coronary occlusion is continuous, it does not come 
and go wuth the heart beat It begins as a slight pam and grow's steadil} , 
and often rapidly, in intensity In these featuies it is like the pam 
derived from somatic muscle m similar circumstances In its continuity 
this pain diffeis from that pioduced by overloaded mvoluntaiy muscle, 
as, for example, the bowel each separate contraction of which induces 
a simultaneous spasm of colic Our theory explains this continuity 
It IS not tension developed m the heait that brings pam, but a chemical 
or physicochemical stimulation of its affeient nerves This stimulus will 
begin to form m the tissue spaces from the instant of occlusion, and the 
pam will come the soonei m the case of the heart because the muscle 
IS in continuous w^oik at the moment of arrest Sutton and Lueth 
called attention to the pam coming immediately oi almost immediate^, 
a point of much mteiest, if the circulation is arrested to somatic muscle 
already wmiking continuously, the pain may begin wnthm eight seconds, 
wdien the ihythm is sixt} contractions a minute it occurs more quickly 
if the rhythm of conti action is quickened The almost instant appeal - 
ance of pain m coionarj occlusion is not inconsistent wuth the view put 
fonvard The prompt lelief when the ligatuie is leleased is entirely 
consistent wuth this i lew 

20 Pearcv, J F Priest, W S and Van Allen, C M Am Heart J 4 390 

1929 

21 Sutton. D C and Lueth, H C Pam, Arch Int :Med 45 827 (Tune) 

1930 
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In thrombotic occlusion the pain lasts for hours or c\en clays, and 
in this It difters chiefly from the pain m attacks of angina pectoris 
According to our theor}, it must be long lasting When a coronar> 
■vessel IS plugged, a corresponding area of muscle loses its blood supplj , 
if in an experiment one ivatches the cardiac 'svall, the affected aiea 
becomes darker , gradually it loses its power to contract and balloons out- 
uard at each systole of the ventricle The loss of function happens ovei 
a period of fifteen minutes or more Long before this degree of weak- 
ness develops, according to experiences with somatic muscle, factor P, 
the pain stimulus, will be accumulated sufficient!} to give intense pain 
Once accumulated it wall continue there, whether the muscle beats oi 
not, and wull gne use to pain as long as it can affect living sensory 
nerve endings Sooner oi later the nerves m the fully affected region 
will become paral}zed, and painful impulses will cease to ascend these, 
how'eier, it is obMous that the nerves on the maigins of the bloodless 
7one may be affected for much longer times 

Long-lasting pain is explained without difficulty The duiation wall 
\ar\ accoiding to circumstance, one factoi governing variation will be 
the late at which the affected nerves die Anothei factor that mil 
influence the pain wall be restoiation of the blood flow^ for the whole 
area of muscle that becomes ballooned does not necessarily die, a part 
or even the wdiole is often found in experiment to be restoied to action 
b\ a return of blood through anastomotic channels It suffices foi the 
moment to note that conspicuous variations in the duration of pain, and 
e\ en of its intensity from hour to hour, are possible theoreticall} , they 
are actuallv experienced 

Spasmodic Anginal Pam, Blood Supply Inadequate foi Woik Done 
— No theor} explaining the pain can stand that will not account for its 
.ippearance in attacks, and m angina pectoris the relation of such attacks 
to exercise and to emotion has been recognized from the earliest days 
of Its description It w'as indeed the spasmodic nature of the malady 
that led Parry to state his theory of relative ischemia, for this theory 
afforded a ready explanation It w^as this spasmodic nature that led to 
the comparison with intermittent claudication, for m both instances it is 
to be supposed that the vessels can supph enough blood during rest 
l)ut not during w'ork 

It IS instructive at this point to contrast two views The belief ■■ 
that attacks of anginal pain can result from increased strain on a 
structure such as the aorta is distinctly equivalent to the belief that it 
IS the result of raised pressure for that alone can throw' the wxills of 
the corresponding cavitv temporarily into increased tension Under 

22 Allbutt, T C Diseases of the '\rtenes Including Angina Pectoris, New 
A ork, The ^lacnnllan Companv 1915 
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the theoiy of ischemia and as exemplified by our investigations of 
somatic muscle, if the blood supply remains constant, the attacks of pain 
will result fiom the inci eased expenditure of energy, this expendituie 
Avill inciease when the tension (blood piessuie) is laised, it will also 
inciease if the rate of beating is increased, the tension lemammg con- 
stant In this connection, it is most inteiesting to note that cases haAC 
been lecorded in Avhich characteiistic anginal pain has occuired con- 
stantly Avith paroxysms of tachycaidia, foi such paroxysms, Avhile fail- 
ing to raise blood pressure, greatly inciease the eneigy expended by the 
caidiac muscle The h}pothesis of stiain cannot account for pain in these 
ciicumstances , that of lelative ischemia does 

To the belief that angina is the lesult of mechanical stiain, the 
similai appeal ance of the anginal attack at given leA^els of blood pressuie 
IS essential, to the theoiy of muscular ischemia, it is unessential It 
Avill be evident how impoitant is full knoAvledge of the changes of 
blood piessuie and pulse late m anginal seizures, yet, Avhile much has 
been Avritten on Avhat is assumed to occur, little obsei'A’^ational Avork has 
been undei taken to ascertain whethei the facts do or do not fit with 
theoiy It IS easy to assume, because the blood pressure and pulse 
rate are known to be laised by exeicise undei normal conditions, that 
exeicise always laises them when it provokes anginal pain I do not 
doubt that such changes will be found, will piove adequate and Avill thus 
come moie fully to justify explanations of anginal pain that aie based 
on them, but the assumption lemains, and is dangeious, until the pres- 
smes and lates liaA^e been read When, as is so common in patients 
Avith angina, Avalking lather brisklj on IcAel ground induces the eaily 
tightness across the fiont of the chest, is one right in believing that 
theie IS, in fact, a use in the expendituie of eneigy of the heart adequate 
to pioduce pain, and that an equal rise, hoAA^ever proAmked, aviII ahvays 
pioduce pam^ The ansAAei aviII come fiom appiopriate obsen^ation and 
expel iment 

There is a feature manifested anginal pain provoked effoit 
that IS not unusual, Avhich Avas first described in that historic and 
remaikable lettei of an unknown gentleman to Heberden He Avrote 
“L have fiequently, Avhen in company, borne the pain, and continued 
my pace Avithout indulging it, at Avhich times it has lasted from 5 to 
pel haps 10 minutes, and then gone off” That is a phenomenon difficult 
to explain on a simple basis of pressures and rates, but is easy to under- 
stand if it IS believed that the coronar}^ circulation accommodates itself 
gradually to the condition of exercise It is, of couise premature to 
speculate m this Avay, it Avould be moie satisfactory if one Avaited 

23 Aledical Transactions published bv the College of Phs^sicians in London, 
1875, Aol 3, p 3 
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hat actual!} happens to the piessure o^ei the tune pain is disaiDpeariiig 
under exercise can be, but has not } et been, ascertained If I express the 
l)ehe\e that no appreciable change will be found in it, I am anticipating 
what should first be deinonsti ated one w^ay or another My ixirpose 
here is not to use assumptions as arguments, but merel} to point to 
ob\ious gaps in the knowdedge in i elation to anginal pain pioducecl b> 
effort 

I shall now' considei another type of angina namely, a type that 
occurs in patients at lest, and heie I have definite and relevant infor- 
mation to ofter 

From personal obseiwations and by searching past recoids, I ha^e 
been able to bring together a group of cases of a given type A geneial 
description of this type, already exemplified elsewhere,-'* will suffice 

The Syndioinc — The sindiome may be described on the basis of my 
own series of cases and the single cases of Brunton,-® Hunter,-® 
Powell and Mackenzie,®® all of which aie grouped together Repeated 
and close obseivations have been made on patients of this type during 
anginal attacks, the pulse rate and blood pressure being studied in 
particulai The cases almost always occur in male patients who have 
free aortic regurgitation, though I have met with the characteiistic 
SMidiome in one middle-aged man in wffiom no signs of aortic valvular 
disease could be found The patients ha\e grave cases of heart disease 
aie often bediidden and at the most are capable of onl) slight exercise 
The} ma} live piecaiiousl} for yeais, sudden death among them is 
common 

The pain has the usual, though ^arlable characteristics of grave 
angina pectoris It is located at fiist in the front of the chest centrally, 
over the upper part of the sternum, or less common!} near the left 
nipple It IS a continuous boring or gripping pain, acquiring m the 
inajoi attacks an unbeaiable quality, it spreads characteristically into 
the arms, especial!} into the left It may or may not be associated wnth 
a feeling of intense anxiety In the earlier stages of the malady, the 
attacks of pain w'hich last from a few minutes to half an hour or more, 
nia\ be pro\oked by exercise in wduch case they bring the patient to a 
state of immobiht} In later stages wdien little exercise is possible, 
thev occur wdnle the subject is at lest and seem particularly prone to 
happen in the earl} houis of the morning w'aking the patient from 
sleep The attacks also occur by day and may be jirovoked by the 

24 Lewis, Thomas Heart 15 305 1931 

25 Brunton Lancet 2 97 1867, Cliii Soc Rep 3 191 1870 

26 Hunter Bnt J 2 1128, 1909 

27 Powell, in A.IIbutt C A and Rolleston HD A S^stem of Medicine, 
Rew York, The Macmillan Compaiw, 1910, -sol 6 p 183 (case 5) 

28 Mackenzie, James Heart 2 265, 1910-1911 
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ingestion of food or by the idea of food The patients, in i elating 
the symptoms of the attack, fiequently speak of stiong thiobbing of the 
wall of the chest, rapid and violent beating of the heart and the neck, a 
feeling of tenseness and a throb invading the head Geneial pallor is not 
a feature of the attack, on the contiary, the face may flush, sometimes to 
a deep suffusion, if palloi comes eventually, it is inconspicuous and 
confined to the face A distinctive feature is a change of heart late 
and of blood piessuie, both lifting to high points Rapid breathing 
m the attack is the lule, and is piobably a special featuie, sweating is 
the rule, but is not distinctive It is well known that in many instances 
of lepeated anginal seizuie, amyl nitrite fails to bung relief, in the 
type of case described, the lemedy is efficacious, laiely failing to stop 
the pain In this connection, it is of particular inteiest to note that the 
first case described to illustiate the beneficial action of amyl nitiite, 
the famous case lecorded by Bi unton, was of this t^pe I believe the 
syndrome to be the usual anginal syndiome at rest in cases of free aoitic 
1 egurgitation 

Numerous obseivations on the blood piessure, immediately before 
and during the attacks, show that the distuibance of the vascular system 
in the attacks is not provoked by pain, since pain definitely succeeds the 
rise in blood pressuie The moie plausible, though converse, idea that 
in these cases pain is due simply to the imposing of strain of a given 
quantity, either distending an iiiitable aorta oi overbuidenmg the woik- 
ing ventricle, likewise fails, for on more than one occasion, after ascei- 
taming the height to which the blood pressuie and pulse late had iisen 
in attacks of pain, equal disturbances of blood pressure and pulse rate 
have been obseived to occur spontaneously, oi have been induced b) 
giving exercise, without aii)'^ tiace of pain developing In othei 
instances, an attack of pain associated with high pressure has subsided, 
while the blood piessure has remained without appreciable change (or 
while it has even lifted a little) and the pulse late has lemamed as high 
as before Putting the mattei moie geneiall}, it ma} be stated as a 
result of direct and caieful obseivation that while attacks are accom- 
panied by a use of blood pressuie and pulse rate, the periods of pain 
do not correspond with sufficient accuiacy to the periods over which 
pressure and pulse rate equal oi surpass what might be regarded as 
critical levels Nev^ertheless, although pain does not provoke the rise of 
pressure and the high piessure cannot be legarded as the sole deter- 
minant of pain, the two phenomena may not be divorced However, it 
appears almost necessary to assume that the sti ict relation between pain 
and the energ}^ expended is bioken by some factoi of inteifeience, and 
the factor in mind is an inconstant state of the coronary vessels If one 
accepts the theory of muscular ischemia, then difl'erent states of coronai \ 
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tone cidcquateh explain discrepancies If these vessels are involved 
in the storm and acquire increased tone, then, e^en if the}^ are not 
actiiall}' constricted the}^ ma} fail to carr} the extra stream of blood 
that the heart, beating under an unusual burden, requires of them 
If pressure and pulse are raised in some other manner, as b}^ exercise, 
the increased burden ma}^ fall on a heait the coronary flow of which 
IS freer, and thus pain may fail to occui There is no warrant for 
regal ding the coronan circulation as a purely passive system, the flow 
through V Inch is governed merely b)'’ systemic pressure 

Action of Amyl Nitute — In considering why amyl nitrite relieves 
the pain in anginal attacks, its influence on the blood pressure forms a 
first enquiri' The effect of the drug on the blood pressure during the 
anginal seizure itself is alone complete!}' lelevant and completely safe to 
use Few such observations are aA'ailable from past i ecords Bi unton,--’ 
Hunter,-® Mackenzie and Aubertm and Gambillaid all recorded con- 
siderable falls in isolated cases, but these few records by no means fully 
represent the facts Among a large senes of observations for the 
investigation of this point, I have certainly seen instances in which the 
blood pressure has fallen considerably after the inhalation, but almost 
as frequently, if the blood piessure is taken as soon as the patient has 
lost his pain, the blood pressure is found to present no material change, 
and m a few instances has actually been found a little raised Brunton 
vas led to try am}l nitiite for anginal pain because he knew that 
bleeding relieved this pam, and he believed this relief to be due to a 
diminished arterial tension Amyl nitrite, already known to cause 
vasodilatation, seemed to him the drug that should act similarly , it was 
natural that, having found it to give relief, he should refer the effects 
to a fall of blood pressure Although his conclusion has letained almost 
universal assent, it has never received sufficient support from immedi- 
ate!) relative observations, and facts conflicting with it have now been 
brought fon\ ard While it is acknowledged that amyl nitrite may lower 
\ascular tension in the attack — and it is granted that in such instances 
the fall of pressure is possibly adequate to relieve pain — ^the point to 
be impiessed is that sometimes the fall is inadequate, and that then 
another explanation must be sought 

29 In an important paper, Feil and Siegel (Am J M Sc 175 255, 1928) 
‘suggested that transient "vascular changes occur in the heart muscle in attacks of 
angina pectoris, on the basis of observed changes in the form of the electrocardio- 
gram during the attacks Dr Fed has recently shown me curves demonstrating 
these changes in electrocardiograms taken in a case of aortic disease during 
angina of the tjpe here considered 

30 Aubertm, C , and Gambillard, AI Bull et mem Soc med d hop de Pans 
48 136, 1924 
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It seems to have been suggested first by the Fiench clinician 
Huchaid, though on what evidence is unclear, that amyl nitrite may 
bung lehef by opening up the coronary vessels It has since been 
shown by expeiiments on animals that nitrites dilate these vessels 
If one accepts the idea that attacks of anginal pain are brought about 
by lelative ischemia of the muscle, the relief of pain by nitrites may 
clearly come through a deci ease of expenditure of energy, an increase of 
blood supply oi by the joint effects of these two On the basis of the 
theoiy of musculai ischemia, there is no difficulty in undei standing why 
amyl nitrite fails to give relief m the pain of coionaiy occlusion Simi- 
laily. 111 angina pectoiis theie is no difficulty m explaining why amyl 
nitiite may at times relieve pain without loweimg the blood piessure, or 
why at other times the blood pressure may fall without lelief until latei 
It IS also easy to understand why, after the administration of am3d 
mtiite, the piessure ma}’- rise to a high point without causing pain, since 
the effects of inci eased coronary flow on the muscle may long outlast the 
action of the drug Lastly, it enables one to explain on similai lines 
why attacks that would otherwise last ten minutes or moie are brought 
to an abiupt and complete end by the inhalation, the direct effects 
of which are notoiiously quite tiansient 

In this article I have not leexamined the theoiy of muscular ischemia 
as a cause of anginal pain exhaustively, but have dealt with those aspects 
of It that have been given prominence by recent work This work has 
bi ought much suppoit to an old theory and by more shaiply defining it 
has lendered it more tangible and more capable of proof or disproof 



AURICULAR FIBRILLATION 

AMBUL\TOR\ TREATMENT WITH QUINIDINE 

S A WEISMAN, MD 

MINNEAPOLIS 

In a review of a considerable part of the Iiteratuie on the use ot 
qumidine sulphate in the treatment for auricular fibrillation, in evei} 
instance to m}^ knowledge the patients were hospitalized for treatment 
No mention is made of any patient or group of patients who were treated 
by the ambulatory method This report deals with twenty-four patients 
with auricular fibrillation who were treated with quinidine sulphate 
in the outpatient department of the University of Minnesota 

Since 1918, when Fre}' introduced quinidine as a therapeutic mea- 
sure in the treatment for heart disease, much has been written about its 
efficacy, its toxic effects and the complications resulting from its use 
Mmost eveiy report in the literature relates instances of the following 
complications distressing palpitation, acute heart failure, diarrhea, 
respiratory or cerebral disturbances and emboli 

Theie is reason to believe that quinidine has not been given the place 
It dcseri es in the treatment for heart disease Many of the complications 
that are attributed to quinidine are perhaps due to causes inherent in the 
patient’s condition The drug is usually blamed immediately when an 
embolus occurs during treatment with quinidine, especially if the embolus 
appears after the heart beats become regular, or if the patient dies sud- 
denly during the course of treatment Death may be due to the drug in 
some instances, but it is well known that not infrequently accidents occur 
in fibnllating hearts dunng treatment with digitalis or vithout tieat- 
ment 

Viko, Mar\in and White - compiled from the literature a group of 
484 cases of auricular fibrillation in which treatment with quinidine was 
given and compared them with 200 cases of auriculai fibrillation at the 
iMassachusetts’ General Hospital in which this treatment was not guen 

Submitted for publication, Sept 14, 1931 

From the Department of Cardiology, University of ^Iinnesota ^Medical 
School 

1 Fre\ W Ueber Vorhofflemmein beim Menschen und seme Beseitigung 
durch Chmidm, Berl klin Wchnschr 55 450, 1918 

2 Viko, L E , Mar\m, H AI , and White, P D A Clinical Report on the 
Use ot Quinidine Sulphate, Arch Int Med 31 345 (March) 1923 
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They concluded that the dangei of embolism undei quimdme therapy 
IS not much greater than with am othei foim of tieatment 

Carr® reported sevent} -seven cases of auricular fibrillation m uhich 
treatment with quinidine was given, m twenty-thiee of which a leturn 
to legular rhythm occuned He stated that in not one of the twenty- 
thiee cases did an embolus develop In leviewing one bundled hos- 
pital records of cases of auiiculai fibi illation Can stated that “in 
sixteen instances theie was a histoiy of embolism at some time in the 
course of the disease ” 

Levy'* observed fifty patients with auiiculai fibi illation whom he 
divided 111 two equal groups He gave the usual tieatment foi heait 
failure to group 1 and the usual treatment plus quinidine to group 2 
The lesults were as follow^s Among the twenty-five patients treated 
without quimdme embolus occuned m five, among the tw^enty-fiie 
treated with quinidine embolus piobably occuned in one He stated, 
too, that the dangei of emboli accidents after quinidine has been given 
undue emphasis ” 

Korns,® in a clinical study of quinidine sulphate m auiiculai fibnlla- 
tion, inquired whethei 

the cases of embolism from this cause are more frequent than those which 
commonly occur in fibrillators who are being treated intensiveh with digitalis, or is 
it that we hear more of them bv leason of the prominence of qumidin in the medical 
literature^ It is my belief that the actual percentage of such cases w'lll be found 
almost equally divided between the two causes We feel it our duty to extend the 
benefit of digitalis to our patients, although w'e realize fully the likelihood of sub- 
sequent embolism Similarlv, I belie\e we shall find it our duty to extend the 
benefit of a normal cardiac mechanism without probability of greater hazard 

Bramwell and Ellis ® cited the following case A man, aged 25, 
with rheumatic carditis of long standing, wdio w^as being tieated by 
rest in bed and small doses of digitalis, and wdio appaientl} w^as making 
good progress, died suddenl} Autopsy did not reteal the cause of death 
Bramw^ell stated that if this patient had been given quinidine m all 
probability death w^ould have been attributed to its toxic eftects 

Moiawitz and Hochiein " use quinidine as a piophylactic measuie to 
pietent acute heart failuie m decompensated heaits wnth auriculai 

3 Carr, J G The Untoward Effects of Quimdme, Illinois J 46 445 
(Dec) 1924 

4 Levy, R L Clinical Studies of Quinidm IV The Clinical Toxicology 
of Quinidm, J A M A 79 1108 (Sept 30) 1922 

5 Korns, H At An Experimental and Clinical Stud\ of Quinidm Sulphate 
Cluneal, Arch Int !Med 31 36 (Jan ) 1923 

6 Bramw'ell, J C , and Ellis, R The Ultimate Results of Quinidine Therap\ 
in Auricular Fibrillation Lancet 2 960 (Nov 10) 1928 

7 Morawitz, P , and Hochrein M Zur Verhutung des akuten Herztodes, 
Munchen med Wchnschr 76 1075 (June) 1929 
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fibrillation The} state that since the} ha\e adopted this treatment their 
results have been better 

After considering the aforementioned investigations on the action 
and results of qumidine therap}, it occurred to me that the unpleasant 
effects that have been so often mentioned in the literatuie had been over- 
emphasired, and that a trial of qumidine m ambulatory patients with 
auricular fibrillation was justified 

Twent} -eight patients weie treated by the ambulatory method In 
17 of these 28 cases or 60 7 pei cent, a normal rhythm was restored 
If 4 patients who failed to continue treatment aie eliminated, sinus 
rh}thm was successfully restored in 70 8 per cent These results com- 
pare favorably with those obtained in many of the hospitalized patients 
uhose cases are reported in the literature Eismayei,® repoitmg 1,058 
cases from the literature up to 1927, found that m 618, or 58 5 per 
cent, favorable lesults were obtained Burwell and Dieuaide ® reported 
that in 339, or 55 9 per cent, of 606 cases of auiicular fibi illation up to 
1923 a return to regular rhythm occurred More recently Carr,® report- 
ing 77 cases of auriculai fibrillation, found that in 23 normal rhythm 
vas lestoied In 1929, Wolf and White,^® m reporting 62 cases of 
auricular fibrillation, found that in 42, or 67 7 per cent, normal rhythm 
was lestored 

DURATION or RESTORED REGULAR RHYTHM 

In oul senes of seventeen cases the peiiod of time during which the 
hearts lemained regular after they were restoied to normal rhythm 
compares very favorably with the cases reported by Maynard, Hairis,^® 
Riecker,^® Viko, Marvin and White,® and Wolf and White Table 1 
gnes the age of the patients, the total amount of qumidine given, the 
period of treatment and the duration of the restored normal rhythm 
Three of the patients in the series have died since the table was com- 
piled In one the heart was regulai foi twelve months , in one, for 
nine months and in one, foi three months 

8 Eismayer, G Die Behandlung Unregelmassiger Herztatigkeit mit Chini- 
din, Deutsches Arch f khn Med 156 182, 1927 

9 Burwell, C S , and Dieuaide, F R Clinical Experience with Quinidin, 
Arch Int Med 31 518 (April) 1923 

10 Wolf, F L , and White, P D Auricular Fibrillation, Arch Int Med 
43 653 (May) 1929 

11 klaj'nard, E P , Jr Fi\e Years’ Experience in the Treatment of Chronic 
Auricular Fibrillation with Qumidine Sulphate, Am J M Sc 175 55 (Jan ) 1928 

12 Harris, K E A Series of Cases of Auricular Fibrillation Treated with 
Qumidine Sulphate, Heart 14 283 (March) 1929 

1 3 Riecker A Clinical Stud^ of Qumidine Therapj% Am J M Sc 170 205, 
1925 
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ETIOLOGY 

In 1 elation to etiology, this series of cases was divided into six 
groups Table 2 gives the number of cases lestored to legulai rhythm 
and the average ages 


Table 1 — Dwaiion of Rcsioicd Nonna! Rhythm 
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70 
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9 
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Tabu 2 — Etwlocjv 

of Cases of Aunciilai 

Pthi illation 
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Rhvthm 
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Numbei 

Restored 

Normal Rhvthm 

Pallures 

Rheumatic valvular heart disease 

7 

4 

47 7 

20 

Hypertension and coronarv sclerosis 

14 

10 

C3 7 

78 3 

Hvperthyroidlsm 

1 

0 



Hjportension and diabetes 

2 

1 

70 

77 

4ortitis 

1 

1 

02 


No apparent heart disease 

1 

1 
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Table 3 — Ages in 
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79 

4 

02 **, 

SO to 

89 
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1 
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The youngest patient, Mis F, aged 26, who had a rheumatic 
vahular heart disease, failed to respond to quinidme 

Over 80 pei cent of the patients successfully treated weie 50 years 
of age and ovei In the unsuccessful group thiee weie below the age 
of 50 and foui uere ovei the age of 50 It has been shown by several 
investigators that age is not an important factor for the successful 
action of qumidine 
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SEX 

In this senes fifteen weie males and nine females, of the seventeen 
m ^\hom the heart became legular twehe weie males and five, females 
Of the patients in whom failure occuired, four were females and three, 
males The heart beat became regulai m twelve of the fifteen males, or 
SO per cent and m fi-\e of the nine females, or S5 5 per cent 

DERATION OF FIBRILLATION 

In all but one of the cases studied chionic fibi illation occurred In 
]\Ir B , aged 73 an auricular fibrillation developed after the injection 
ot a foreign protein foi arthritis Fibrillation had been present for 
two davs and 6 grains (0 4 Gm ) of quinidine sulphate (2 grains 
[0 13 Gm ] every two hours for thiee doses) lestored the heart to 
reguiai ilnthm In more than 60 per cent of the cases, fibrillation 
had been piesent for moie than one year In two cases fibrillation had 
been present from ten to twelve yeais The ihythm of the heart beat 
in one ot the latter became regulai 

METHOD or TREATMENl 

All patients are fiist given digitalis, pieferably for a few days 
If the heart is decompensated the patient is well digitalized until there 
is evidence that the heait is fully compensated, oi nearly so Quinidme 
is then gnen in small doses The first day 01 Gm is given, the 
following da} 0 2 Gm , and the third day 0 4 Gm The patient is given 
0 4 Gm per day for fi\e da}S Eveiy tw'o houis 0 1 Gm is taken At 
this point the dose of digitalis may be i educed oi discontinued, depend- 
ing on the degree of cardiac compensation and the heart rate On the 
se^enth day the dose of qumidine is increased to 1 Gm per day, 5 grains 
f 0 324 Gm ) every tw^o hours until three doses have been given After 
a lew da}s, if necessar}, the dose is increased to 20 grains (13 Gm ), 
5 giains being given every two hours until four doses have been 
admimsteied , then the dosage is increased to 30 giains (195 Gm ), 
10 giains (0 65 Gm ) eiery two hours As much as 40 grains (2 6 Gm ) 
per da} was gnen in 10 gram (0 65 Gm ) doses at two hour intervals 
As soon as the i In thin of the heart becomes regular the dose of 
qumidine is reduced, and a maintenance dose is established This 
amount ma} be about 10 grains pei daj foi seveial days, then 5 grams 
in single doses Most of the patients are gnen 5 grains daily, and 
man} are gnen 5 grains eiery other day 

In the series treated qumidine Avas seldom discontinued when the 
patient complained of the following symptoms slight headache, diarrhea, 
nausea or Aertigo With the possible exception of one case, in no 
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instance were the toxic symptoms of quimdine so pronounced that the 
drug had to be discontinued 

FAILURES 

In seven cases, including two in which accidents occuned. the heart 
failed to be restored to normal rhythm 

Cask 1 — Htstay — Mr R, aged 49, reported to the dispensarj on Oct 27, 1930, 
complaining of shortness of breath, swelling ankles, vertigo, cough, hemoptysis and 
pain in the neck and m the upper right quadrant of the abdomen He had been 
m the University Hospital and the Minneapolis General Hospital three times since 
1928, each time from one to three months The previous history was irrelevant 
except that he had had “rheumatic fever” at the age of 26 

Exmmmiwn — Physical examination showed slight pitting of the skin of the 
legs The liver was enlarged about 4 cm below the costal margin , it was soft and 
slightly tender The heart was enlarged, an orthodiagram showed transverse 
diameter of the heart, 19 1 cm , of the chest, 28 S cm The heart rate was irregular , 
the apical rate, 100, the radial rate, 84 The vital capacity was 2,300 cc, 68 per 
cent of the calculated norm The blood pressure was 180 systolic and 100 diastolic 
An electrocardiogram showed arborization block and auricular fibrillation The 
patient was given 1 cc of tincture of digitalis three times daily, and he reported 
back on October 29 improved 

Conise — The patient was told to continue to take digitalis and to take 0 1 Gm 
of quinidine that afternoon (October 29), 02 Gm the next day and 0 3 Gm the 
third day That night, a severe attack of pain over the precordium and marked 
dyspnea developed The patient was sent to the Minneapolis General Hospital, 
where he died the next day The diagnosis at autopsy was hypertrophy and 
dilatation of the heart, coronary thrombosis and myocardial infarction Micro- 
scopically, the material in the coronary vessels was thrombosed , no mural thrombi 
were found This death can hardly be attributed to quinidine It was the opinion 
of the pathologist that it was onlj'^ a coincidence that death occurred after the 
administration of the drug 

Case 2 — Histoiy — Mrs H, aged 37, had not been well since October, 1929, 
when she had had pneumonia She had been m the University Hospital for five 
weeks m 1929 and again in 1930 for heart disease On Aug 9, 1930, she came to 
the dispensary complaining of dyspnea on exertion The patient gave a history of 
rheumatism at the age of 16 

Examination — Examination of the heart showed it to be of a double mitral type, 
and was enlarged An orthodiagram showed transverse diameter of the heart, 
14 2 cm , of the chest, 25 2 cm An esopbagram showed a definite displacement of 
the esophagus by the left auricle The apical pulse rate w^as 116, the radial pulse 
rate, 104 The blood pressure was ISO systolic and 106 diastolic The patient was 
given digitalis until Sept 22, 1930, when quinidine sulphate was added 

Cow sc — Small and increasing doses of quinidine were given until Jan 7, 1931, 
when the pulse was regular for the first time An electrocardiographic report 
showed 66 beats per minute, regular, and delayed aunculoventncular conduction 

The heart rh.vthm was regular until Jan 14, 1931, when I was called to the 
patient's house There was complete paralysis of the right side of the face, arm 
and leg The pulse was totallj irregular I do not know for how long it had been 
irregular or whether the hemiplegia occurred before the heart rhvthm became 
irregular or afterward 
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SUMMARY 

1 T^vent} -eight cases of auricular fibrillation in which the patients 
A\cre treated with quinidine aie repoited, four did not continue treat- 
ment, so that only twenty-four weie treated satisfactorily b} the 
ambulatory method 

2 In se^enteen cases, 70S pei cent of the t^^ent)-foul m which 
tieatment was satisfactory, normal rhythm was restored 

3 Of the successfully treated patients, four had rheumatic valvular 
heart disease , ten had hypertension and coronary sclerosis , one had 
diabetes and hypertension, one had syphilitic aortitis, and one had an 
apparently normal heart 

4 Eighteen of the twenty-four patients were 50 years of age or ovei , 
m fourteen of this group, or 77 per cent, the heait was lestored to 
regular rhythm In three of the remaining six patients regular ih)thin 
was restored 

5 The group with hypertension seemed to respond more quickly 
than the rheumatic group 

6 In all but one theie was chronic fibrillation for from two months 
to ten or twelve years 

7 In the treatment small doses of quimdme were given to start 
n ith , then the dose was gradually increased 

8 Tincture of digitalis was always given first oi in conjunction 
nith quinidme dm mg treatment 

9 Two accidents occurred duiing tieatment one death from coro- 
nary thrombosis and a case of hemiplegia 



ENCEPHALOPATHY DUE TO CHRONIC PLUMBISM 

REPORT or A CASE 

THEODORE S EVANS, MD 

NEW nA\ EV, CONN 

Since the monumental woik of Aub and his co-woi kei s on lead 
poisoning, all lepoits of cases seem dwarfed into insignificance How- 
evei, the following leasons justify the case herewith published 

1 Good lesults weie obtained fiom mobilization treatment 

2 “Deleading” lesulted in a syndrome similar to tetany on two 
occasions, in each of which intiavenous administration of calcium was 
immediately and spectacularly eftective 

3 The case was not associated with hypei tension 

REPORT or A CASE 

Hjstoiy — L H, aged 48, a plumber, complained of inability to coordinate, par- 
ticulaily m walking His wife said that he was mentally confused and irritable 
He had worked as a plumber many years and had handled considerable red lead 
He had also been m many new houses where painting was being done, and had 
worked a good deal with boiling lead Therefore, there was a possibility of poison- 
ing from the gastro-intestinal tract, or by droplets and fumes from the respiratory 
tract 

Until four years before examination the patient had been very well, but at that 
time he was seized with severe cramps m the abdomen, vomiting and diarrhea, 
which was symptomatic of lead colic, though a diagnosis w^as not made Presentlj 
the pain, vomiting and diarrhea disappeared, but he began to have pain in the 
muscles, which he thought W'as due to “rheumatism ” The muscular pains had con- 
tinued They w^ere W'orse in the calves of the legs and in the back The patient 
also noticed that during the four years prcMOUs to examination, he had dropped 
his tools frequently, and had not been able to use them wnth his usual skill 

There w'as a gradually increasing w'eakness of the legs w^hich became nearly a 
paralysis in Noi ember, 1926 (seven months before examination), and about the 
same time the patient noticed severe headaches and twitchings of the arms and 
legs, greatly aggravated by fatigue There has been marked propulsion and a ^ ery 
decided tendenev to fall to the left side This twutching progressed gradually until 
he was unable to walk He w'as very drow'S 3 and yawmed interminably His wife 
stated that he was ^ery irritable and disagreeable, and that his memorj^ was 
extremely poor He was immensely confused, and at times completely disoriented 


Submitted for publication, Julj' 15, 1931 

This case was presented before the New' Ha^en Ziledical Association in June, 

1928 

1 Aub, J C , and others Lead Poisoning, Aledicine 4 1, 1925 
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There was some blurring of the Msion, %vhich has gradually cleared up until he 
was able to see well His appetite had been poor, and he had been constipated 
There had been n} cturia once a night and once he passed some blood He had a 
great deal of difficultj in starting the urinary stream 

The past historj was irrelevant, except for work as a plumber The patient 
had been an extremely strong man, able to beat all his companions m rough and 
tumble fights His weight had been stationary, and his habits good He said that 
he had neier had a venereal disease 

He had been to a number of physicians w'ho considered ^ arious diagnoses includ- 
ing brain tumor, epidemic encephalitis, syphilis and autointoxication He was seen 
at the Yale Mental Hygiene Clinic, and a diagnosis of lead encephalopathy w'as 
made bj" Dr C C Fry Potassium iodide was given for four days for elimination 
of lead Lead W'as found m the stools and urine 

Physical Examination — The patient appeared well de\ eloped and well nour- 
ished There w'as no cyanosis or dyspnea The skin showed a very pasty color 
The temperature was 98 F , pulse rate, 76, blood pressure, 120 systolic and 80 
diastolic, and weight, 170 pounds (77 1 Kg ) 

The eyes reacted to light promptly The eyelids showed no ptosis The eje- 
grounds were normal 

The teeth showed some caries and several were loose There was a “lead line" 
on the gums Roentgenograms of the teeth were negative The tonsils were 
small with no pathologic process The neck was normal 

The heart w^as slightly enlarged to the left, and the second aortic sound was 
rather loud 

The lungs showed numerous small rales rather evenly distributed No other 
signs were present 

The abdomen w'as normal, and there was no tenderness or masses 
The extremities were normal 

The reflexes w'ere all exaggerated, but all were present and about equal 
The blood \essels were not palpable 
The glandular system was normal 

Marked w'eakness was noted in all muscles, particularly m the calves and thighs 
The patient could not walk, and if left alone fell to the left or forw'ard He could 
not e\en sit up by himself 

He was mentally confused, and did not remember the day or the month He 
remembered ^erv little of what happened the day before, was irritable and fell 
asleep while I w^as taking the history 

Laboi atoi y Eraniination — Lead was found in the urine and feces, at the New 
Haven Hospital Hemoglobin w'as 85 per cent, red blood cells numbered 4,500 000, 
white cells 6,000 and polymorphonuclears 65 per cent The smear showed no 
stippling or secondary anemia The Wassermann reaction of the blood was 
negatne Routine examination of the urine gave negative results except for a 
slight trace of albumin which later cleared up The spinal fluid showed cells, 25 , 
colloidal gold cur\e, 00004555430, phthalein, 75 per cent, nonprotem nitrogen, 29 
mg , Wassermann reaction, negative, and globulin, negative Lead was not present 
Ticatmcnt — Sjrup of hvdnodic acid, 4 cc (1 fluid drachm), was gnen every 
three hours for four dajs Lead was now found in the feces and urine After 
four daj s this treatment of elimination was discontinued Mobilization was attempted 
b} the use of calcium chloride and milk (calcium lactate, 1 Gm twice a day and 
2 quarts of milk a day) 

For the first three weeks improvement was slow but steady The mental 
SMTiDtoms began to clear, and the patient’s memory returned slowlj There were 
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five days of regression and then, suddenly, in the fifth week of the treatment he 
got up out of bed one morning, shaved himself and began to walk After that he 
continued to walk by himself, and his memory was almost normal I considered 
that I had mobilized the lead in the bones, at this point, as trilead phosphate 

In May, 1927, the “lead line” was absent There were no stippled cells Ihe 
hemoglobin was 80 per cent, and the red blood cells 5,000,000 The urine contained 
no lead 

When the patient began to be fatigued, twitching of the muscles occurred, but 
at all other times he had no more subjective symptoms 

From May, 1927, until January, 1928, the patient continued doing well without 
episodes of any kind The urine and feces were clear of lead on several occasions 
The patient continued to gain strength and coordination, so that by fall he was 
able to do all types of work Owing to the fact that the change in the hydrogen 
ion concentration might be induced by some casual illness as acute tonsillitis, grip, 
pneumonia or the like, it was felt that the man should be "deleaded ” It seemed 
that “deleadmg” by the use of diet and drugs would be more simple to control than 
to attempt to cope with a sudden “deleadmg ” A diet very low in calcium, which 
omitted milk, eggs, green vegetables and fruit and consisted of meat, liver, potato, 
rice, tomato, canned corn, bananas, apples, tea, coffee and all foods prepared without 
milk, such as salt-free nephritic bread, sodium bicarbonate bread or crackers, was 
prescribed Sugar, salt and pepper were allowed With this diet ammonium 
chloride, 1 Gm , ten to twelve times a day in a glassful of water was also given 
The diet proved very efficacious in “deleadmg,” for after three days of the diet and 
medication lead was found in the urine and feces The patient was discharged 
from the hospital after about two weeks of the treatment and went home, continuing 
the diet with ammonium chloride until February 25, when the ammonium chloride 
was discontinued During that period, he had no toxic symptoms, and lost that 
“aching feeling” in his muscles and joints 

Coutsc — On March 10, 1928, the patient was feeling better than he had felt any 
time in the past six months Four examinations of the urine between Januar^, 
1928, and March, 1928, showed no lead 

On March 10, the patient went to a club meeting and ate pickles, cheese, fresh 
peaches, rye bread and drank beer and wine He drove his car to and from the 
meeting, a friend who went with him thought he acted a bit peculiarly He went 
to bed and in the morning about 6 o’clock, his wife noticed that he was breathing 
heavily Thinking that it was merely a sound sleep, she did not wish to disturb 
him, but on entering the room at 9 o’clock, she found him m the midst of a con- 
vulsion and immediately called me It was about an hour and a half before I 
could reach the patient’s home When I arrived, he had alreadv had eight con- 
vulsions and some probably previous to the time that his wife entered his room 
A physician who had been called m the interim was giving him a hj'perdermic of 
morphine The convulsions w^ere severe, tonic and clonic convulsions, and w'ere 
followed by a long period of apnea during w'hich time he became unbelievably blue, 
although the pulse staved fairly strong except during one convulsion when it became 
weak and thready 

Each convulsion began w'lth tw’itchmg of the muscles of the eje on the right 
side resulting ni an upturning of the lids and proceeded to involve the entire bodj 
The pupils were widely dilated in spite of the use of morphine and did not react 
to light The eyegrounds showed constriction of the retinal arteries, but otherw ise 
were normal The eyes were turned upward and inward These convulsions were 
followed bj periods of apnea, one of which measured nearlv three minutes by the 
watch During these periods artificial respiration was given During one of the 
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tarlv coinulsions, he had bitten his tongue badb" and the bed was covered with 
blood There was eMdently also incontinence of both feces and urine during one 
of the con\ulsions Betw’een convulsions, Chvostek’s and Trousseau’s signs could 
be elicited easilv The ejegrounds were normal Phvsical examination revealed 
no lesion in the lungs or heart, nor, so far as w'e could perceive, m the abdomen 
The blood pressure w'as 110 systolic and 70 diastolic Serum calcium w'as 75 mg 
and nonprotein nitrogen 32 

I went immediately to Grace Hospital and obtained 60 Gm of calcium chloride 
read} for mtra\enous administration This was given to the patient intravenoush 
Followung this the stomach w'as w'ashed out, and in the contents we recovered the 
remains of pickles which he had eaten the night before Following this procedure, 
a pint of milk was left in the stomach by gavage A spinal puncture was done, 
and although the fluid ivas under pressure it was negative for globulin and for cells, 
and the Wassermann reaction w'as negative Colloidal gold also proved normal 
Fifteen cubic centimeters of fluid was removed Sixty units of parathyroid hormone 
was also given intravenously wath the idea that possibly the calcium might be more 
quicklv utilized by the use of the hormone He also had two doses of ^^50 grain 
(0 4 Gm ) of hi oscine hvdrobromide 

Following the intravenous administration of calcium and the parathyroid hor- 
mone the patient had three convulsions, the first of w'hich was as severe as those 
he had preceding this medication , the last tw'o were noticeably less severe , he 
also had three ler} mild convulsions From 1 o’clock on he had no more con- 
lulsions 

He W'as mo\ed to Grace Hospital by ambulance, at 4 p m He started to mo\e 
his arms purposefully about 6 in the evening, and at 9 he was able to make it 
eiident b} signs that his bladder was distended He was cathetenzed and 1,500 
cc of urine obtained This specimen did not contain lead and was normal m all 
respects 

The follow'ing morning he was able to speak, but thickly, because of the lacer- 
ated and swollen tongue, but it w'as evident that he understood perfectly everything 
that was said and could have spoken clearly except for the injury to his tongue 
He remembered w'hat had happened two nights previously, but nothing of what 
happened the preiious day He had a temperature for a few days, which w'as 
assumed to be due to the infection in his tongue, because as soon as the infection 
cleared up the temperature disappeared Physical examination at that time gave 
negatne results, except for ptosis of the left eyelid and the bitten tongue The 
blood pressure was 115 systolic and 70 diastolic The patient was put on calcium 
lactate and made an uneventful recovery 

In September, 1928, he was feeling better than at an} time m the past five or 
SIX lears The pains w'ere completely gone from his muscles and bones He had 
no incoordination or confusion, and his personality was what his friends claim it 
used to be 

From the attack of convulsions in March, 1928, until September, 1928, the 
patient’s condition was good He w'as able to do ordinary labor such as chopping 
wood, to complete his mientor}, to do accounting in his business and to drive his 
"lutomobile 

From September, 1928, until December, 1928, the patient’s condition became 
gradualh less good He was seen at v'arious intervals with steadily increasing 
neurologic signs Headaches became a permanent feature They were severe and 
explosive, beginning with dulness and reaching a crescendo At these times he 
was confused, and memoiw was difficult The reliefs from the headaches were 
sudden, and thev were usuallv improved bv rubbing the back of the neck At van- 
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ous times following these headaches, he showed right-sided hemianopia The blood 
pressure had been low from September to December, 1928, being around 110 sj^s- 
tohc and 70 diastolic to 125 systolic and 75 diastolic The nonprotein nitrogen had 
been 30, the plasma chloride, 550 

About December 14, the patient had an acute diarrheal disease for w'hich he 
did not call me Four days later, December 18, I was called For the past four 
hours the patient had had convulsions similar to those that occurred m March, 
1928 They began with twitching of the muscles of the right eye, resulting in the 
upturning of the lids and deviation of the eyes and head to the right The pupils 
were widely dilated during the periods of convulsion The periods of apnea were of 
about the same length as those m March, and between the convulsions artificial 
respiration was given Between the seizures, speech was difficult, sometimes 
amounting to complete aphasia The eyegrounds showed constriction of the retinal 
vessels No evidences of meningeal irritation were noticed Cyanosis was as deep 
as in March The blood pressure was 120 systolic and 70 diastolic The heart 
and lungs were normal Nonprotein nitrogen was 32, plasma chlorides, 560, and 
serum calcium, 6 5 mg The urine was normal These attacks endured for tw'enty- 
four hours in spite of treatment 

The diagnosis at this time was a degenerative process m the brain, directly or 
indirectly, the convulsive seizures seemed related to the calcium deficiency in the 
blood Consultation with Dr James Fov corroborated these findings, and he gave 
his impression 

“The condition is a degenerative process in the brain The nature of vascular 
occlusion is directly associated with the chronic plumbism which is thought to be 
responsible for the clinical picture ” The chief irritative lesion was assumed to be 
in the left hemisphere In view of both the irritative and paralytic phenomena to 
the right side, large sedative and antispasmodic medication was advised, including 
inhalants (ether and chloroform) This treatment w'as carried out without bene- 
ficial effect 

The following day, as treatments had been ineffective for forty-eight hours, and 
since the serum calcium was so low, intravenous injection of calcium, 60 grains 
(3 9 Gm), was given, purely empirically, because it had accomplished such spec- 
tacular results in March, although the patient was at this time on a high calcium 
diet The result was as spectacular this time as it had been m March, 1928 

The patient made a complete recovery from the convulsions shortly after the 
calcium was given 

In looking backward on the case, it seems that the cause of these convulsions 
was tetany just as m March, 1928, and at this time it was a case of tetany due 
to inability of an inflamed intestinal tract to absorb calcium even with the patient 
on a high calcium diet Examination of the spinal fluid obtained at this time was 
negatue m all respects Urine obtained at this time showed no lead 

Following the convulsion in December, the patient finally recovered partially but 
never was able to do more than walk about the house, attend to his own habitual 
needs and occasionally go for a ride in the automobile or to shave The improv ement 
was slow, but apparenth there was an upward trend to it Roentgenograms of the 
teeth were made and found to be negative The evegrounds showed paralysis of 
the muscles and slight pallor of the optic disks The patient was seen by Dr 
Arthur Ailing, who confirmed these findings In June, 1929, he was at the point 
where he could be roused with difficult} and onlv for a short time He was then 
seen bj Dr George Blumer, who corroborated the diagnosis of multiple central 
nervous svstem lesions due to lead 
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From June to September, the patient made a slow but stead}' improvement In 
September, 1929, he developed what was apparent!} severe bronchitis and general 
infection of the upper respirator}' tract I was awa} at this time, and Dr Israel 
Blodmger cared for him during mv absence 

During this attack, the patient lost a tremendous amount of ground He lost 
a great deal of weight, and when next seen m November, 1929, found it impossible 
to walk, because of incoordination and weakness of the muscles It was difficult 
lor him to swallow food, and the act was very slow This was probably due to 
muscular w'eakness and incoordination He was very stuporous and could hardlv 
be aroused He showed all of the neurologic manifestations which were noted 
before, and at this time none were transitory He was seen m November by Dr 
Joseph Aub, of Boston Dr Aub’s diagnosis was also chronic lead poisoning with 
multiple lesions of the central nervous system 

On the basis of the past history and findings. Dr Aub recommended that intra- 
venous calcium therapy be tried again, considering that perhaps the man was unable 
to absorb calcium even though he was getting fair doses of it into the stomach 
This suggestion w'as earned out but he did not improve Bronchopneumonia devel- 
oped and he died with high temperature, increased pulse rate and respiratory rate, 
after a few da}S of treatment 

'kiitopsy was refused in spite of every effort 

COMMENT 

The diagnosis in the case seemed vei}' cleaily to be lead poisoning 
Lead was found in both feces and urine The encephalopathy was 
apparent in the histoiy and physical examination In the light of sub- 
sequent events, it was considered possible that there may have been 
multiple sclerosis all the time But this does not seem tenable, par- 
ticularly as lational tieatment for lead poisoning removed all symptoms 
foi a time That multiple lesions of the spinal coid and brain later 
developed is perfectly apparent, but I believe they weie caused by 
lead poisoning, itself 

The reason for these attacks of conv'ulsive and explosive nature ^is 
not clear Certainly there is no evidence of arteriosclerosis in the gen- 
eral physical examination, nor m the examination of the eyes, and 
there was no h}pertension Examination of the urine showed normal 
concentration and the blood chemistry was normal throughout the 
course, the nonprotein nitrogen and plasma chloride figures were 
normal Therefore, uremia cannot be said to explain the picture 
During the discussion before the New Haven Medical Association 
It W'as suggested that acidosis might account for the convulsive seizures, 
but there was no ketonuria or other findings at these times suggestive 
of acidosis In addition to these negativ'e findings, the following signs 
of tetan} could not be explained by a simple acidosis Apparently the 
calcium depletion seemed to have some direct or indirect relationship 
to the state 
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1 Ihe palicnt was on a low calcium diet at the time of the first 
seizuie 

2 At the time of each seizin e, the seium calcium was low 

3 On both occasions, Chvostek’s and Trousseau’s signs were 
present 

4 Spectacular and immediate lesults w^eie obtained from the use of 
mti avenous calcium 

lhat theie was a temporary increase m intracranial pressuie wmuld 
seem evident from the fact that the spinal fluid w^as undei marked 
pressure at both times of seizure Piobably there w'as a marked cerebral 
edema similai to that described by Blackfan,- Rees/ Volhard^ and 
others 

Vasoconstiiction with temporal y ceiebral anemia was probabl}’^ the 
direct cause of the convulsive seizuie and resulted from ceiebral edema 
This symptom complex has been noted by \ ai lous obsei vers — Elschmg,® 
Wagenei,® and Smith' — who m studying the eyegrounds duiing con- 
vulsions found constrictions of the retinal vessels similar to that which 
was found heie Although such authorities as Tiaube® and Vaquez ” 
stated that artei lal hypei tension is alw^ays present in lead encephalopathy, 
it w’as not found in this case, noi was there present am crescendo 
mci case in iDlood pressure, such as was described by Oppenheimer 
and Fishbeig, just pievious to the convulsive seizures 

It IS also noteworthy that the patient did not die in a convulsive 
slate His course w'as giadually downw'aid for the peiiod of a year 
after the last convulsive state, and he died of bronchoj^neumonia, with 
evidence of maiked degenerative lesions of the brain and spinal coid 
The question of the i elation of tieatment to the convulsive seizures is 
interesting, but unceitain It is apparent that lead mobilization was 
effective for the man made nearly a complete lecovery during the 
tieatment The “deleadmg” w^as successful as considerable quantities 
of lead weie poured out in the mine during the process, and then 
came to a period, during treatment, wdien no lead appeared in the urine 

2 Blackfan, K D Bull Johns Hopkins Hosp 39 69, 1926 

3 Rees On the Nature and Treatment of Diseases of the Kidney, London, 
1850, p 67 

4 Volhard Der artenelle Hochdruck, Verhandl d deutsch Gesellsch f inn 
Med 35 134, 1923 

5 Elschnig Wien med Wchnschr 48*1305, 1898 

6 W'agener, reference deleted 

7 Smith Bnt M J 2 1380, 1909 

8 Traube Ges Beitr z Path u Phys 2 551, 1871 

9 Vaquez La tension artenelle dans le saturnisme aigu et chronique, Semaine 
med 23 385, 1904 

10 Oppenheimer, B S, and Fishberg, A M Hypersensitive Encephalopathy, 
Arch Int l^fed 41 264 (Feb) 1928 
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The “deleading” treatment was apparentl} earned fuither than 
^\as desirable in that it produced a calcium depletion and led directly 
or indirectly to the convulsive seizures m the first instance However, 
the complete recover} of the patient from this state and the absence 
of all symptoms for a long period after this incident appear to indicate 
that this was not contributory to his demise 

The second convulsive state could not be attributed to treatment 
as the patient was at the time on a high calcium diet and therapy, 
although it IS probable that a diarrheal disease made it impossible foi 
him to utilize the calcium ingested His recovery from the second con- 
vulsive state was complete so far as tetany was concerned, and he 
never showed any further symptoms of this condition 

In the light of the entire findings m the case it would seem that 
the patient died of a gradually increasing encephalopathy caused b> 
chronic plumbism The early central nervous lesions of this condition 
gradually progressed and were the cause of death 

SUMMARY 

1925, summer The patient had an attack of lead colic 

1925-1927 Increasing muscle weakness and pains of myositis were 

noted 

1926, Novembei Symptoms which had been present to a slight 
degree for a long time were aggravated, i e , loss of appetite, mental 
confusion, loss of memoiy, disorientation, irritability, loss of coordina- 
tion, particularly m walking, drowsiness, vertigo and headache 

1926, December Bloody urine was passed and fiom then until 
April the patient found it difficult to start the urinary stream Albumin 
uas present throughout this period but then cleared 

1927, April Physical examination and laboratory findings showed 
lead poisoning (November and December notes ) 

1927, May The patient’s mental condition cleared up, and most of 
the symptoms and physical signs of lead poisoning disappeaied All 
laboratory findings were negative 

May' to July There was disappearance of -all symptoms except 
muscular pains, the patient stated that he “felt lead in his bones ” 

July' to January', 1928 The patient gamed in strength so that he 
was able to do quite heavy work but still had muscular pains 

January “Deleadmg” was done at Grace Hospital A low calcium 
diet w'lth ammonium chloride in large doses was given , lead was again 
found in the urine at this time for a period of ten days No episodes 
of any kind occurred 
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March 10 For the fiist time the patient felt entirel} well The 
muscular pains disappeared Four examinations of urine and feces 
were negative for lead 

March 11 Convulsions with apnea, coma and tetam occurred 
These were promptly relieved by the intravenous administration of 
calcium and parathyroid hormone The patient was again sent to Giace 
Hospital He was put on a high calcium diet, and given calcium lac- 
tate by mouth 

March 18 The patient’s mental condition cleared up, and he said 
that he felt well in every respect Fi lends corroboiated this statement 

December The patient had a diarrheal disease for which he did not 
call me Five days later, the convulsions, apnea, coma and tetanj again 
developed All types of sedative, including ether, were used but did 
not avail Intravenous calcium again was eftective The patient 
recovered in part but not entirely He showed some right-sided mus- 
cular weakness for about one week, and then this cleared He \vas able 
to tend to his personal needs 

December to Maj, 1929 Theie was a slow but steady improve- 
ment The patient was able to get out in his cai 

May to June Theie was a peiiod of decline, so that in June the 
patient could only be roused with difficulty Fie was still on calcium 
therapy 

June to Septembei There w^as a slow but stead} gain, so that the 
patient was better than in June but not yet able to do much moie 
than ride in a cai 

September He had an acute disease of the upper lespiiatoiy tract 
He was under the care of another physician and lost a great deal of 
ground 

November He never recovered completely from the infection in 
September, and late in November he developed bronchopneumonia and 
died 
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CHANGES IN THE URINE, BLOOD METABOLITES^ PHTHALEIN EXCRETION 
A.ND BLOOD PRESSURE IN A GROUP OF TWENTY ANIMALS 
FOLLOWED FOR A PERIOD OF THREE YEARS 

FRANKLIN R NUZUAI, MD 
ALBERT H ELLIOT, AID 

AND 

BLANCHE V PRIEST, AB 

SANT-^ BARBARA, CALIF 

Duiing the hundred and twenty years from 1800 to 1920, there was 
in the United States a gam of twenty-five years m the average expectancy 
of life In the two decades from 1900 to 1920, there was a gain of five 
^ears The average expectancy of life at the present time is 55 33 years 
for w hite males, and 57 52 years for white females The chief statistical 
cause for the increase in life expectancy has been the saving of infant 
and child lives, but there has been an actual increase m the life expect- 
ancy of adults As a result of the increase m the average span of life, 
a larger number of persons are entering the later decades when the 
so-called degenerative diseases take their toll These diseases are chronic 
nephritis, degenerative heart conditions and hypertension These three 
groups, which aie closely related m both an etiologic and a pathologic 
sense, were responsible for 45 5 per cent of the deaths of peisons beyond 
45 years of age in the United States during 1920 ^ It is evident that a 
further prolongation of the span of life must concern itself with a delay 
in the onset of degenerative diseases and a pi elongation of their course 
in those who have already developed them 

Since the classic descriptions of Bright in 1827, the etiology of 
chronic renal disease has challenged increasing attention Of the numer- 
ous theories, that which postulates renal damage as resulting from a long- 
continued, high protein intake has attracted most attention, in part 
because protein catabohtes are excreted almost entirely by the kidney 
An extensne literature has accrued both for and against this thesis 

Submitted for publication, July 12, 1931 
From the Laboratories of the Cottage Hospital 

Read before a joint meeting on the Sections on Pathology and Bacteriologv 
and of General Aledicine at the Sixtieth Annual Session of the California Medical 
Association, San Francisco, April 28, 1931 

1 Statistical Bulletin, Aletropolitan Life Insurance Company 8 1 (Nov ) 1927 
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Experimcnlal lesults have been conflicting Osborne, Mendel and their 
associates - fed diets, of which protein contributed two thirds of the 
total calories, to rats for as long as four hundred days Wheat, corn and 
casein were used The kidneys of these animals were uniformly hyper- 
trophied and the tubules dilated, but no tiue nephritis was produced 
Jackson and Riggs,’ m expeiiments of a similar nature, fed a 76 per 
cent casein diet to rats for as long as twenty months and reported nega- 
tive results The expeiiments of Addis, MacKay and MacKay,"^ m 
nhich diets of 69 5 per cent protein were fed to rats over a period of 
one thud natural life, ^vere in apparent confirmation of these results 
Recently, Parsons, Smith, Moise and Mendel,'^ m an investigation pri- 
marily of the effect of the protein content of the diet on the reproductive 
cycle of the lat, found that a high protein content, even after unilateral 
nephiectoiny and the added burden of gestation and lactation, caused 
onl}^ physiologic hypertrophy of the kidneys Similaily negative results 
' liave been lepoited by Anderson,® who fed rabbits a diet of from 55 to 
60 per cent beef protein for periods as long as one year In some of the 
animals vaiying amounts of lenal tissue were removed Hypertrophy of 
the kidneys or kidney remnants resulted, but no evidence of nephritis 
was discernible 

On the othei hand, expeiiments in which the lesults weie strikingly 
positive have been reported Aloise and Smith ^ regularly produced renal 
lesions m rats as soon as ninety days after unilateral nephrectomy when 
fed a high piotein diet The nephritis was apparently of a diffuse type 
Polvogt, McCollum and Simmonds,® by diets entirely sufficient for 
giowth and maintenance and deficient only in containing from 31 to 

2 Osborne, T E , Mendel, L B , Park, E A , and Winternitz, M C 
Physiological Effects of Diet Unusualfy Rich in Protein or Inorganic Salts J 
Biol Chem 71 317 (Jan ) 1927 

3 Jackson, H J, Jr, and Riggs, M D Effect of High Protein Diets on 
Kidnej's of Rats, J Biol Chem 67 101 (Jan ) 1926 

4 Addis, T , :MacKa} , E M , and MacKa} , L L The Effect on the Kid- 
ney of the Long Continued Administration nf Diets Containing an Excess of 
Certain Food Elements J Biol Chem 71 139 (Dec) 1926 

5 Parsons, H T , Smith A H Moise, T S , and Mendel, L B Repro- 
duction and Excess Protein in the Diet, Arch Path 10 1 (July) 1930 

6 Anderson H Experimental Renal Insufficiency Effects of High Protein 
Diet in the Presence of Low Renal Function on the Kidneys, Aorta, and Liver, 
Changes in the Blood Pressure and Concentration of Blood Metabolites Arch' 
Int kled 37 297 (klarch) 1926 

7 kloisc r S, and Smith, A H The Effect of High Protein Diet on 
the Kidnevs, Arch Path 4 530 (Oct) 1927 

8 Pohogt, L M , kIcCollum, E V, and Simmonds, N The Production of 
Kidney Lesions in Rats h\ Diets Defective only in That Thej Contained Exces- 
sive Amounts of Proteins Bull Johns Hopkins Hosp 34 168 (May) 1923 
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41 3 per cent piotein, regularly produced casts and intense congestion of 
the kidneys They regarded the high pi otein diet as nephrotoxic 

Newburgh and his co-workers,® in caiefully conducted experiments 
over long periods of time, have produced renal lesions of a degenerative 
character in both albino lats and rabbits by using diets rich in casein, 
liver,®” beef, egg white and so}'’ bean They concluded that the severity of 
the lesion depended more on the duration of the experiment and the 
nature of the pi otein than on its amount Urea added to the diet was 
innocuous, which suggested that the nephiopathy was not the lesult of 
a nonspecific increase in the nitiogen metabolism The renal lesion was 
primarily confined to the tubules Howevei, in the rat, a 72 pei cent 
beef protein diet caused definite glomeiulai changes Similar results in 
the rabbit have been leported b)’’ othei obseivers using a casein diet 

In previous experiments,^^ we have been able to confirm these posi- 
tive results On using both animal and vegetable protein (liver diet 
40 per cent protein , oat diet, 16 per cent protein , soy bean diet, 38 per 
cent protein) m feeding experiments with rabbits extending ovei a 
period of two years, ve found a high incidence of chronic nephiitis and 
arteriosclerosis This nephritis was chaiacterized b)'' persistent uiinary 
abnormalities, i etention of niti ogen end-pi oducts in the blood and eleva- 
tion of blood pressuie 

On examining these data in retrospect it vas thought that the expeii- 
ments could be criticized on the ground that the pathologic alterations 
might have arisen spontaneously A study was therefore undertaken to 
answer the following questions 

1 Are spontaneous renal lesions of common occurrence m the rabbit^ 

2 Are they distinguishable pathologically from e'^perimentally produced lesions ^ 

3 Are they of sufficient magnitude to cause disturbances in the body economy 
of the living animaP 

4 Will an experimentally fed high protein diet exaggerate a spontaneous 
nephritis ? 


9 Newburgh, L H , and Curtis, A C Production of Renal Injury in the 
White Rat by Protein of the Diet, Arch Int Med 42 801 (Dec) 1928 New- 
burgh, L H The Production of Bright’s Disease bv Feeding High Protein 
Diets, ibid 24 359 (Oct) 1919 

9a Newburgh and Johnson, in a recent paper (J Clin Investigation 10 153, 
1931), stated that a 20 per cent sodium nucleate diet is nephrotoxic in less than a 
sear The sodium nucleate was prepared from liver, but the changes produced 
w'cre qualitatively different (fibrous tissue proliferation, changes of the arteriolar 
walls) from those that result from feeding liver It is concluded that liver contains 
forms of nonprotein nitrogen other than purines w'hich are nephrotoxic 

10 Maclean, H , Smith, J R, and Urquhart, A L Effect of High Pro- 
tein Diet on Renal Function, Brit J Exper Path 7 360 (Dec ) 1926 

11 Nuzum, F R Changes in the Kidney in Animals w'lth Increased Blood 
Pressure While on High Protein Diets, Arch Int Med 40 364 (Sept) 1927 
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We ha\e prcMOUsl} described two distinct pathologic types of spon- 
taneous renal lesions encountered in the loutine histologic examination 
of the kidneys of a hundred and ninety supposedly normal animals 
The fiist t}pe was a focal scairing which ga\e no evidence of its presence 
dining life and ivhich occuired only twice (an incidence of 1 per cent) 
in this gioup of animals It may be disiegarded The second type was 
veiy different It was a diffuse lesion, miohing to some extent all of 
the lenal stiuctuie It also occuiied onh’^ twice in this group of one 
hundred and ninety normal animals How’ever. in a group of twenty 
animals compiising the piesent study, which w^ere selected during life 
because of persistent ui inary abnormalities, this diffuse nephritis w^as the 
pathologic change It was moiphologically indistinguishable fiom the 
nephiitis that w^e had pieviously produced by feeding high protein diets 
In the piesent study w^e wash to tiace the development of this spontane- 
ous lenal lesion m these tw^ent}^ animals It wall be showm (1) that the 
clinical and laboiatory features aie similai to those chai actenzing the 
nephiitis pioduced by high piotein diets, and (2) that the feeding of a 
high piotein diet to animals alieady haimg this lesion wall increase the 
icnal damage 

Fiom a total of two hundred and fifty rabbits, twenty full grown arrr- 
mals w'eie selected because of the repeated piesence in their urine of 
albumin, casts and cyhndioids The)’- varied from 6 months to 1 year m 
age, and w’cie kept in outdoor hutches the yeai around They w’ere 
observed foi a period of thiity-six months 

During the first year the animals were fed a diet of barley, 85 Gni , 
and alfalfa, 50 Gm , daily, with the addition of other greens twice each 
week This diet w^as so balanced that the reaction of the urine of these 
animals w^as neutral or slightly alkaline, the pn averaging 7 During the 
second year of the experiment the pn averaged 8 5, ow mg to the fact that 
It w’as necessaiy to feed alfalfa ad libitum to the animals to keep them 
111 good condition During the thud } eai, ten of the animals w^ere placed 
on a Iner diet suggested by jMcCollum ® and used by us in previous 
expel imental work This diet w'as devised as being adequate for nutri- 
tion The addition of the ground In er made a high total protein con- 
tent resulting ni the passage of acid urine with an average pn of 62 
We had pieviously found that the continued feeding of this diet over a 
long period of time resulted in an increase m blood pressure and the 
development of aiteriosclerosis and chionic nephritis This diet w^as 

12 Nuzum, r R, Elliot, A H , Erans, R D, and Priest, B V The 
Occurrence and Nature of Spontaneous Arteriosclerosis and Nephritis in the 
Rabbit, Arch Path 10 697 (Nor ) 1930 
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given to ten of the animals already having spontaneous nephiitis to see 
^^hether further elevation in blood piessure and fuithei disturbance in 
kidney function would result 

Chemical and microscopic examinations of the mine were made at 
monthly intervals The urine was obtained b}- piessure on the bladder 
in most instances, but occasionally animals were placed m metabolic 
cages and it was caught in containeis 

At the end of two years, and again at the conclusion of the e\peu- 
ment one year later, the nonprotein nitrogen, the urea mtiogen, the 
carbon dioxide combining power of the blood and the phthalein excretion 
were determined 

Blood pressure determinations were made at monthly inteivals We 
hare used the method of Van Eweyk foi the past eight years Several 
thousand determinations have been made with it, most of them b} one of 
us (Miss Priest) The technic of the procedure has been so developed 
that we are certain very satisfactory readings are obtained Each lead- 
ing IS checked one or more times and the average taken Various other 
methods for taking blood pressures in rabbits aie described, but m om 
hands none has pioved so satisfactory as this one 

URINARY CHANGES 

At the beginning of the experiment (Oct 1, 1925), the mine of each 
animal contained albumin and casts Monthly examinations during the 
first year demonstrated the persistence of these abnormalities All of 
the animals for months at a time had albumin and casts in their urine 
consistently Occasionally the urine from one or two of them would be 
normal, but not longer than for two successive months 

During the second year (Jan 1, 1927, to Jan 1, 1928). the albumin 
increased, casts were more numerous, and normal urine was not obtained 
from the same animal for a period longer than one month 

Near the end of the third year twelve of the animals died, six in the 
alfalfa-barley group and six in the liver group, leaving four survnois 
in each group at the conclusion of the experiment on Jan 1, 1929 At 
necropsy pneumonia was present in five animals, one had died from a 
ruptured blood vessel following the passage of a stomach tube, while m 
the remainder the cause of death was not apparent Uremia might have 
been accountable, but uremic symptoms had not been present during life 
The exhibition of the liver diet during the year exaggerated m pro- 
nounced fashion the urinary abnormalities of the ten rabbits receiving it 

13 Van Eweyk, C , and Schmidtmann, M Zur Methodik der Blutdruckmes- 
sung beim Kaninchen, Virchows Arch f path Anat 236 420, 1921 
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Casts and albumin were consistently present in greater amounts than m 
the urine from the remainder of the group 

That the renal changes were piobabh of a degenerative natuie and 
not of mflammatoiy origin was e\idenced by the fact that blood cells 
were not found m the urinary sediments 

There was a substantial inciease of the nitrogenous bodies in the 
blood m every instance, except for rabbit 78 which showed a fall in the 
nonprotein nitiogen fiom 43 5 to 40 mg , and in the urea nitrogen from 
294 to 20 8 mg pei hundred cubic centimeteis (see the accompanying 
table) The kidneys of this animal were histologically unalteied, except 
for minor changes in the vessels and glomerular capsules The phthalem 


Blood Chcmtstiy and Phthalem Exaction of Eight Surviving Rabbits’’ 



Carbon Dioxide 
Combining Power 

Xonprotcin 

Nitrogen 

Urea 

Nitrogen 

Plithalcin 
(1 Hour) 


Jan , 
1923 

> 

Jan , 
1929 

Jan , 
1923 

Jan , 
1929 

Jan , 
1928 

, Jan , 

1929 

Jan , 
1928 

Jan , 
1929 

Liv cr rnbblt 03 

42 i 

306 

37 0 

338 

22 7 

30 3 

51 

53 

07 

531 

49 0 

32 3 

42 5 

18 3 

23 0 

01 

49 

77 

10 2 

55 7 

30 3 

55 5 

18 7 

20 3 

07 

50 

70 

•15 2 

510 

37 0 

02 3 

13 0 

384 

51 

S3 

Barley rabbit 01 

32 8 

COO 

40 0 

58 8 

22 7 

31 2 

74 

S5 

02 

-.19 

53 7 

304 

47 0 

21 4 

23 8 

00 

40 

09 

'll 9 

50 0 

32 3 

32 2 

12 3 

17 0 

40 

39 

78 

"ij 7 

01 4 

43 5 

40 0 

29 4 

20 8 

83 

70 

Average (liver) 

47 3 

43 0 

33 0 

54 8 

18 2 

30 0 

57 5 

40 7 

jVverage (barley) 

4S0 

49 2 

sso 

44 0 

215 

23 3 

07 2 

COO 

Average entire group 

47 0 

43 0 

SOS 

49 7 

19 8 

20 0 

62 3 

53 3 


* Tlio first fonr rabbits in the table belong to the liver diet group, the second four to the 
group fed the alfalfa barley mixture The figures in the left hand column under each heading 
represent the determinations made at the end of the two year period, tlie figures in the right 
hand eolumn, those made at the conclusion of the experiment one year later At the bottom 
of the table are the average values for the two groups of four animals, and for the entire 
group of eight animals 


excretion was diminished m each instance, with likewise one exception 
Rabbit 61 had an excretion of 74 per cent at the end of the two year 
period, increasing to 85 pei cent at the conclusion of the experiment, but 
as the blood metabolites had increased during this time and chionic 
nephritis w as present histologically, this may ha^ e been due to a technical 
ei ror 

In comparing the group fed luei with that fed alfalf a-barle> , it is 
seen that the changes w^eie more pronounced in the former The average 
lalue of the nonprotein nitrogen of these four animals had increased 
from 35 6 to 54 8 mg while in the other group the mciease w'as onl} 
from 38 0 to 44 6 mg The uiea nitrogen of the Iner group increased 
fiom 18 2 to 30 mg as compared with an increase fiom 215 to 
23 3 mg for the remaining animals The decrease m the phthalem 
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excietion — trom 57 5 to 46 7 per cent in the first group and from 
67 2 to 60 per cent in the second — was also in accord 

The changes in the caibon dioxide combining power were too slight 
to be of significance They aie tabulated as a matter of interest 

It \\ ould seem that spontaneous renal damage in the rabbit is accom- 
panied by retention of nitrogenous substances m the blood, and by a 
decrease m the phthalem excietion, and that the feeding of a liver diet 
serves to enhance the damage already pi esent, as measured clinically by 
these changes 

BLOOD PRESSURE 

As mentioned, blood pressure determinations were made monthly on 
each animal, every leading being checked at least once There was a 
gradual increase m piessure in all of the animals, except the controls 
Wide variations weie at times encountered from month to month (per- 
haps as a result of extraneous factors, such as season, temperature, time 
of day, restlessness during the determination, etc ), which aie reflected 
on the charts, but the general trend was upward The liver diet group 
showed a more rapid increase and a higher terminal average pressure 

Because of the wide fluctuations, it is perhaps inaccurate to compare 
actual values, but the figures may be of some interest The animals on 
the hvei diet, with an aveiage initial pressure of 86 mm of mercury, 
shoi\ ed at the conclusion of the experiment one year later a pressure of 
118 mm, or an increase of 32 mm For the same period of time, the 
animals not receiving Iner showed an increase from 98 to 112 mm, or 
onl}- 14 mm 

It appears that the eleiation of blood pressure in our animals was 
loughly piopoitional to the degiee of the urinary changes, to the blood 
chemistiy alterations and to the decrease in phthalem excretion That 
lenal (and arterial) injury is reflected to a certain extent m the height 
ot the blood pressure m man seems fairly certain Allbutt has said 
that the pressure rises in every case of primary contracted kidney and 
111 most cases of secondary contraction wherein the glomeruli are widely 
affected By analogy, we might expect the same phenomenon in the 
rabbit, and oui results indicate such a possibility At any rate, the con- 
clusion IS justified that spontaneous nephritis m the rabbit, if of suffi- 

14 It may be argued that the differences m these figures are not statisticalb 
significant, as the values do not he well outside the standard deviation of the 
mean Since, however, the other elements of the study tend m the same direction, 
nameh as indicating a more se^ere renal lesion m the liver diet group, the differ- 
ences are suggestne 

15 Allbutt, T C \rtenosclerosis. New York, The Macmillan Compam, 
1925, p 13 
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Chart 1 —The blood pressure range for all the animals for the entire thirh - 
SIX months, with the exception, during the last year, of those fed the lucr diet 
Each reading on the chart expresses the average of all determinations made at 
that particular time 



Cliart 2— Blood pressure range of ten rabbits with spontaneous nephritis fed 
a high Incr diet for one \car compared with that of twehe control animals 
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cient degree to be recognized clmicall}’’, is accompanied by an elevation in 
biood pressure not encountered in normal rabbits The feeding of a 
high protein (liver) diet causes a further increase m pressure 

SUMMARY 

1 Spontaneous nephritis in the rabbit, pathologically of a diffuse type 
and indistinguishable from that experimentall)’- produced, occurred in 
approximately 8 per cent of supposedly normal animals 

2 It was evidenced in the living animal by the persistent presence of 
albumin and casts in the ui me, retention of nitrogen bodies m the blood, 
decrease in phthalein excretion and elevation of blood pressure These 
manifestations were roughly proportional to one another and to the 
degree of lenal injury 

3 The exhibition of a high protein (hvei ) diet, given over a period 
of one year to animals that for two years previously had had a well 
maiked spontaneous chionic nephritis, exaggerated the foregoing mani- 
festations 

4 Experimentally fed high protein diets increased preexistent renal 
damage 



DIAGNOSIS OF SYPHILITIC AORTITIS UNCOMPLI- 
CAl ED BY AORTIC REGURGITATION 
OR ANEURYSM 

COMVARISON or CUBICAL AXD NECROPSY OBSERVATIONS IN 
ONE HUNDRED AND FIVE PATIENTS 

JOSEPH EAPLE MOORE, MD 

BALTIMORE 

JA-MES H DANGLADE, MD 

KANSAS cm, MO 
AND 

JOHN C REISINGER, MD 

WASHINGTON, B C 

The early diagnosis ol s}phihtic aoititis, before the development of 
aortic regurgitation oi aneurysm, is a question of fundamental impoi- 
tance in the tieatment ot cai dio\ ascular syphilis When the aortic 
\alves have been so distorted as to produce incompetency or when the 
wall of the aoita has weakened to the point of producing saccular dilata- 
tion, the utmost to be expected of treatment is some degree of symp- 
tomatic relief and the possible pi elongation of life to more than the usual 
span of about two years from the appearance of symptoms ^ If, how- 
evei, involvement of the aoita can be recognized before these anatomic 
disasteis have occuiied and if appropiiate treatment is instituted, it is 
leasonable to hope for symptomatic relief in a higher proportion of cases 
and piolongation of useful life foi a much longer period of time 

That the pioblem is deserving of careful study is indicated by the 
giadually increasing death rate from organic heart disease, by the 
actuarial estimates that 2 per cent of the total population of the United 
States aie suftenng from the conditions grouped under this classification 
and that the annual quota of deaths from this cause now approximates 
200,000," and fiom the frequenc} with which s}philis causes heart dis- 

Submittcd for publication, Aug 31, 1931 

From Ihe S\philis Dnision of the Medical Clinic, the Johns Hopkins 
Hospital 

This iniestigation was supported by a grant from the Committee on Research 
m Sxphihs, Inc 

1 Moore, T E, and Danglade, T H The Treatment of Cardiovascular 
Svphihs A Studv of the Duration of Life in Eortj-One Treated and Untreated 
Patients with Regurgitation and Aneurvsm, Am Heart J 6 148, 1930 

2 Dublin L I Statistical Aspects of the Problem of Organic Heart Di'^ea'^c 
Heart T 1 359 1926 
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ease In New York, an analysis of 1,001 cases of heait disease indicated 
that about one tenth of these cases were syphilitic ® In Baltimoie, with a 
larger Negro population, Caiter and Baker ^ have recently found that 
15 1 per cent of 3,223 cases of heait disease in the wards of the Johns 
Hopkins Hospital were due to syphilis With these estimates as a base 
line, it IS easy to arrive at the conclusion that thei e must be, at any one 
time, about 240,000 persons in the United States with definite cardio- 
vascular syphilis, of whom more than 20,000 die each j’^eai In the 
light of the present state of diagnostic acumen, it would seem that the 
vast majority of these afflicted persons have already passed through the 
stage of simple aortitis to aoitic insufficiency or aneuiysm 


Table 1 — The Incidence of Cai dwvascular Syphilis Among Ten Thousand 
Syphilitic Patients (of IVhoin Sir Thousand Four Hundted and Twenty 
had Late Syphilis [Tinner]) 





Aortic 




Percentage of Total 




Insuffi 

Angina 



Late Oases with 


Aortitis 

ciency 

Pectoris 

Aneurysm 

Other 

Cardiac Involvement 


[Male 

51 

37 

8 

17 

2 

8 71 



Wliite- 

1 

[Pemalc 

19 

11 

1 

3 

4 

4 8j 

1 7 2' 

101 

Negro 

Male 

144 

S6 

5 

51 

20 

17 9] 

1 

ill 4 


[Female 

US 

40 

3 

IS 

11 

7 2j 

1 


Percentage of late 
syphilis, showing van 
ous tj pcs of cardio 
vascular involvement 

5 1 

27 

02 

12 

0 5 





ESTIMATES OF THE FREQUENCY OF SYPHILITIC AORTITIS 

The frequency of aortic syphilis may also be estimated from the 
standpoint of its clinical incidence in a large population of syphilitic 
patients or of the frequency with which it is discoveied at neciopsy on 
syphilitic persons Tuiner® has published data bearing on the formei 
point, based on the admission diagnoses of 10,000 syphilitic patients in 
this clinic His figures, reproduced in table 1, show the usual pre- 
dominance of cardiovascular syphilis in Negroes as compaied to wdiite 
persons, and in males as opposed to females They also indicate that in 
a syphilis clinic for ambulatory patients, the diagnosis of s}’’philitic 
aortitis, uncomplicated bv aortic legurgitation or aneurysm, has been 

3 WyckofF, J , and Lingg, C Statistical Studies Bearing on Problems in the 
Classification of Heart Diseases II Etiologv m Organic Heart Disease, Am 
Heart J 1 446, 1926 

4 Carter, E P, and Baker, B M, Jr Certain Aspects of S}"plnlitic Cardiac 
Disease, Bull Johns Hopkins Hosp 48 315 (May) 1931 

5 Turner, T B The Race and Sex Distribution of the Lesions of Svphilis 
in Ten Thousand Cases Bull Johns Hopkins Hosp 46 159 1930 
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made as fiequcntly as that of all other t}pes of syphilitic heart disease 
To what extent this diagnosis is justifiable is the pait of the present and 
a subsequent study to dlsco^ ei 

As to the incidence of aoi titis in syphilitic patients at necropsy, there 
aie widel} divergent estimates, apparent!} depending on the minuteness 
with which pathologic studies aie made In German), on the basis of 
23,105 neciopsies from the Rudolf Virchow Krankenhaus, Langer'’ 
maintained that from 70 to 80 per cent of all syphilitic patients show 
anatomic evidence of involvement of the aorta (simple aortitis, aortic 
1 egurgitation or aneurysm) We leproduce heie two charts based on 
Ganger’s material, the first of which shows the incidence of syphilitic 
aortitis by years, the second, its incidence among s}philitic peisons in 



Chart 1 —Curve to show tlie percentage incidence of syphilitic aortitis m 
autopsies on sjpiiilitic patients The figures on the base line show the number 
of cases of syphilis found at necropsy Based on 23,105 necropsies from the 
Rudolf Virchow Krankenhaus (Ganger, E iMunchcn med Wchnschr 73 
1782, 1926) Aortitis was diagnosed ante mortem in 284 cases, or 39 3 per cent, 
It uas not diagnosed ante mortem in 437 cases, or 60 7 per cent 

diffeient age gioups Langei pointed out that of the 721 cases of 
s) phihtic aortitis found at neciopsy, only' 284, or 39 3 per cent, were 
diagnosed duiing life The sharp mciease m the incidence of aortitis 
beginningin 1912 and continuing thereaftei is attiibuted by Ganger (and 
bt otheis m Germany, on the basis of similai studies) to the influence of 
the introduction of aisphenamme into the tieatment of syphilis It 
seems equally possible to explain it ho^^evel, on the basis of more 

6 Ganger E Die Haufigkeit der luctischcn Creamer mderungen insbe- 
sondere der Aortitis Inetica, Munchen med Vi chnschr 73 1782 1926 
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accurate pathologic stud}'- with increasing knowledge of the microscopic 
appearance of aortic syphilis 

In this country, Warthin has been constantly insistent on the impor- 
tance of syphilis of the aorta His most recent figuies report " gross or 
microscopic evidence of syphilis (more usually the lattei ) in 90 per cent 
of 490 autopsies on syphilitic patients over 25 years of age Incidentally 
the percentage incidence of aortitis m syphilitic adults repoited by him 
for the decade from 1909 to 1919 is 97 6, and for the decade from 1919 
to 1929, 86 3, lending weight to the opinion that added pathologic experi- 
ence and not the effect of arsphenamine is the factor responsible foi the 
increased incidence in Langei ’s material 



Chart 2 — Percentage incidence of S 3 'phi!itic aortitis among syphilitic patients 
at different age groups — necropsj data from Langer 

It IS probably true, therefore, that invasion of the aoita by the 
Tieponema is as universal in syphilitic infection as is invasion of the 
nenous system Eiery syphilitic patient is a potential candidate foi 
the development of cai diovascular syphilis It is necessary to distinguish, 
however, between invasion and involvement of the aorta, in the same 
sense as we have come to distinguish between invasion of the neivous 
s\stem and tissue involvement extensne enough to produce the clinical 
picture of neuiosyphilis One can hardl} expect of an} clinician suffi- 
cient expel tness in diagnosis to enable him to detect the presence of a 
single microscopic focus of lound and plasma cell infiltiation in the 
aortic wall Unfortunately, Warthin, who has done the most caieful 
w'ork in the patholog}' of 'l^phlhs has published no data indicating the 

7 Warthin A. S The Lc‘;ioiis of Latent Syphilis, South Af J 24 273 U31 
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proportion of cases in which the pathologic lesions weie so insignificant 
as to be incapable of producing symptoms or physical signs, as com- 
pared with those in which the lesion was so extensive as to have resulted 
in actual clinical disease Adequate studies from other pathologists are 
also lacking, since few have devoted as much attention as Warthm to 
the minutiae of microscopic pathologic diagnosis m s\ philis 

From the clinical standpoint, there are wade diffeiences of opinion as 
to the possibility of arriving at an accurate diagnosis of syphilitic aortitis 
in the absence of aoitic regurgitation or aneurism At the present tune, 
the consensus among internists proliably fa\ois the group which holds 
that, in view of the frequency of arteriosclerotic changes in the aortas of 
many persons, syphilitic or otherwise, after the age of 50, such a diag- 
nosis cannot be safely made ® This opinion is, of course, based on the 
fact that syphilitic aortitis is often found at necropsy wdien unsuspected 
during life, and conversely that it has sometimes been absent at necrops} 
when all the so-called classic symptoms and signs both physical and 
1 oentgenologic, were present during life 

THU POSSIBILITY OF CLINICAL DIAGNOSIS OF UNCOMPLICATED 

AORTITIS 

It occurred to us that information of value as to the possibility of 
accurate clinical diagnosis of uncomplicated aortitis might be obtained 
by an approach from two angles (1) a comparison of the clinical with 
the necropsy observations in those patients in whom S}phihtic aortitis 
w^as discovered at necrops} , whether oi not recognized in life, and (2) a 
suive)^ of the clinical outcome, for evidence of progression to vahulai 
incompetenc} or aneuiysm or, when possible, to the autopsy table, in a 
senes of patients in whom the diagnosis w^as made during life The 
present article desciibes the results of a study of the first group of 
patients 

The recoids of the department of patholog} of the Johns Hopkins 
Flospital from 1910 to 1930 w^ere reviewed All cases with aoitic 
reguigitation or aortic aneuiysm w^ere excluded from consideration, as 
w^eic likewase certain instances in wdiich the presence of extensive aortic 
aiteiiosclerosis rendered doubtful the pathologic diagnosis Aftei these 
exclusions theic lemained 105 cases with definite uncomplicated 
syphilitic aortitis, in all of which the pathologic diagnosis was made on 
the basis of grossly visible lesions of sjphihs in the aoita, confirmed in 
84 by microscopic examination The clinical records of these patients 
were then studied, in older to determine the frequenc} with wdiich the 
diagnosis was accurate!} made during life 


8 Coni.er L \ in cli'^ciission on Steel D \m Heart T 6 6^ 1930 
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Before pioceeding to a discussion of the results it is necessai} to 
consider the obvious criticism that the pathologic diagnosis of syphilitic 
aoititis was sometimes oi often erroneous, and that therefore conclusions 
dravn iiom such material are untrustworthy To this, one can reply 
only that the gross and histologic tissue examinations were made over a 
twent}'^ year period by many members of the staff of the department of 
patholog), and that in most instances both gross and micioscoi^ic speci- 
mens were also reviewed by a senior membei of the staff Furthermore, 
the pathologic picture of sy'philitic aoititis is quite characteristic, and, 
except in the presence of extensive aortic atherosclerosis, is not easily 
confused with other changes In most of the instances here reported 
there was confirmatory clinical or pathologic evidence of syphilis Unfor- 
tunately, specimens have not been preserved as a routine measure, so 
that we were unable to examine personalty the aortas in question 

T^ele 2 — 4 Compat swn of the Con ectness of the Cluttcal and Pathologic 
Diagnosis of Syphihtie Aoi tihs m One Hundred and Five Cases so 
Diagnosed at Neciopsy 
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111 for 
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03 
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9 

11 

4 

Surgical sen ice 

43 

1 

5 4 

3 

3 

23 

3 

Total 

103 

4 13 

17 6 

12 

12 

34 

7 
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Percentage of total 


16 2 

33 3 


11 4 

32 3 



The 105 patients in this senes entered the hospital for a wide variety 
of causes Their histones were taken and the first ph 3 '’Sical examination 
made by’^ an intein, in most instances, the physical examination was 
repeated once or several times by senior members of the resident staff 
and by”^ visiting consultants Naturally, the twenty'' year period covered 
by the study’^ necessitates the use of records made by'^ many physicians of 
\ ary mg degrees of clinical proficiency and with greater or less special 
interest in cardiovascular disease or in sy'phihs In many instances, the 
acuteness of the final illness prevented careful history taking, oi its 
character presented accurate phy'^sical examination of the heart and the 
aorta jMany’- records, therefore, fail to include either positive oi nega- 
tne statements as to the presence or absence of suggestive signs or 
symptoms In such cases, ne have recorded “no data available” and 
hare attempted to keep these limitations m mind throughout the study 
In one sense ho\\e\er, this is less of a drawback for our purposes than 
niight be anticipated We may fairty consider these clinical records to 
represent the a^erage of intelligent medical practice of the past twenty 
years 



MOORL n U —s) RIJILIJ IL lORIIJIS 


759 


Ihe ol ihiv svn\o\ «ue Miniimii/cd m table 2 Sixt)-thicc 

palitntb died in the niedic.d waul'^ of the hospit.il, 42 weie in such 
\auoiis sui lineal ecu ices a*' e)h^te{nes. gxiiecokigy, uiolog} and gencial 
suigei} Ihe duignosis ol sxphihtic aoititis was coiicetl} made bcfoie 
death in 4 inst.inces. oi 3 8 jiei cent In an .ulditional 13 patients, one 
01 nieue ol the soci.d e\aininei‘' h.id susp^ele'd th.it theic was some- 
thing wrong with the jiatieiit s aoit.i .ind h.id iccoided .in iinpiession 
di.ignosis of dil.ited .loitic aich aiunnsm oi .loitic icgui git.ition, but in 
none oi these in''t.uKes w.is the inipicssion t.ikcn suiricientl} sciiousl) 
as to be included in the lin.il di.igno^'is Howciei including these 13 
patients as chntc.il ''Ucces^'t ^ tlu diagnosis was coiiccth made oi sus- 
pected in onh ](>2 pci cent of the gioup All but 1 case weie iccog- 
ni7cd on the medical ‘-eniec, ,uul e\cn m the one exception, the suspicion 
ol sxphihtic .noititi'' w.is laised b\ a consulting inteinist 

In all the ca'^es coiieetlx di.ignosed oi su‘'pected, cithei the usual 
sxmptonis ot '^ub'^tei n.il pain dxspnea on cxeition oi ji.noxtsin.il noc- 
turnal dxspnca ot the cl.issic ])h\sic.il signs of widened letiomanubiial 
dulness puk.ition in the supi.istci nal notch, an .loitic sxstohe muunur 
or an altcicd txinp.niitic bell-like qualitx of the .lortic second sound, oi 
both sxinptoins and signs togethei, wcic piescnt These sMuptoms and 
signs how ex Cl xxeie also pie^ent to some degice in an addition.al 35 
patients, oi 33 3 per cent of the stncs m whom then significance wa= 
completeh disregarded b\ all examinci^ In these patients the question 
of sxphihtic mxolxement of the .loit.i xxas not mentioned in iinpiession 
or in jin.il diagnosis, though it is ccitaiiilx fan to sax that a higher 
index of suspicion on the ji.ut of the xaiious ex.iniineis and consultants 
diouid ii.ixe jironijncd some coiisider.ilion of the jiossibihtx In 17 of 
these patients, phxsic.il signs xx’cie picstnt xxithout symptoms, m 6 
instances ‘^uggestixc sxmptonis (usu.illx antcd.iting tlic S}niptonis of 
the final illness) occuired in the absence of phxsical signs ,uid in 12 
patients, exeii the as‘-ociation of signs and sxmptonis was ox ei looked 
In the iciiiainiiig 53 jiatients, the di.ignosts of sxphihtic aoi tills 
apparcntlx could not haxc been made Sexen of these weie monbuiid 
on admission to the hospit.al and theie was no opjioiluintx foi caieful 
history taking oi examination of the hcail In 12 the sxmploms and 
‘•igns of aoititis weie obsemed bx some othci caidiov.iscuku condition 
sueh .IS Inpeitcnsixe c, udioun.il disease, ihcum.Uic hoait disease with 
.luiiculai fibnllation, b.icteiial endoe.uditis, .idheicnt peiic.aidium, etc 
Thiitx-foui ]),itients 1 1 medic.il and 23 smgic.al, died with no suspicion 
111 the mind of anx exammei th.it theie xx.is .mythmg .at all the mattci 
with the heart oi aoit.i Whethei this is liec.iusc all suggestive symp- 
toms and signs wcic actuallx absent oi because then picscnce xvas 
ovci looked bx inadequate oi caiclcss histoiy taking oi physical exami- 
nation cannot be detei mined 
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It 3S true, howevei, that the majority of these patients were admitted 
to the hospital foi an acute illness uni elated to s\phihs or heait disease, 
that attention was thus directed awaj fiom the heart, and that in man> 
patients on the surgical services examination was not made by an expe- 
rienced internist It wnll presently be showm that, judging b} the extent 
of the pathologic change found at neciopsy, clinical diagnosis \vas not 
necessarily impossible in this last group of patients Even assuming 
that it was impossible, we arrive, however, at the staithng conclusion that 
of the total numbei of 105 patients, a coriect antemortem diagnosis vas 
made m 4 and suspected in 13, while it might have been made in 52, 
had the signs and symptoms actuall}'’ present been coirectly inteipieted 

Table 3 — Race and Sex Dtslribntion and Age at Death of One Htindied and 
Ewe Patients tvtth Syphilitic Aoititis 


Age at Death 

i 




Total 

r 


1 





Cases 

21 30 

31 40 

41 50 

51 CO 

61 -f 


[Male 

26 


8 

9 

4 

5 

White- 

1 

[Female 

a 

2 


1 

2 



[Male 

53 

5 

12 

24 

6 

6 

Xegro 

1 

[Female 

19 

2 

12 

3 


2 

Total 


9 

32 

37 

12 

13 


Table 4 — The Con ectness of the Clinical Diagnosis of Syphilitic Aoifilis as 
Influenced by the Cause of the Fatal Illness 


Diagnosis Diagnosis 

Diagnosis Diagnosis Obscured Misled 

Correctly Might by Other (Impos 

Total Made or Have Been Cardiac sible to 
Cases Suspected Made Bindings MaLe?) 

Fatal illness related to sjpliilis 24 6 (25%) 7 (2D%) 5 (20%) 6 (24%) 

Fatal illness unrelated to syphilis which, if 

diagnosed, was an incidental finding 81 10 (12%) 20 (05%) 7 (8%) 35 (40%) 


The race and sex distribution and the age at death of this group ot 
patients are shown m table 3 The usual preponderance of Negroes 
and of males is obvious The fact that death occurred befoie the age 
of 51 m 75 per cent of the group is a partial answ^er to the question of 
the difficult} of differential diagnosis between syphilitic aortitis and 
aortic arteriosclei osis Atherosclerosis of the aorta in these younger 
patients w'as rare, and, wdien present, was not often extensive 

The fatal illness that brought the patients to the hospital w^as in 
some w^ay related to syphilis in 24 instances These were patients with, 
for example, tabes dorsalis and infected urinary tracts, arsphenamme 
poisoning, syphilis of the Iner caidiac failure secondary to s}philitic 
aortitis, etc In 81 patients the final illness had nothing to do with 
syphilis, wdiich if diagnosed was entiieh an incidental finding Here 
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the clinical diagnoses and the primary causes of death include such 
uidely divergent conditions as lobar pneumonia, typhoid fever, septi- 
cemia, carcinoma, postoperative peritonitis or ileus, strangulated hernia, 
etc That a high index of suspicion aids in the recognition of syphilitic 
aortitis is indicated by the relative success of clinical diagnosis m the 
two groups In onl} 6, oi 24 per cent, of the patients whose illness 
was directly related to syphilis were the heart and aorta regarded as 
normal, while this situation existed in 35, or 43 per cent, of those in 
wdiom syphilis was only a lelatively unimportant incident of the fatal 
illness 

From the clinical standpoint, a most difficult differential diagnostic 
decision is between S 3 ^philitic aortitis and hypertension Both may pro- 
duce substernal discomfort, d}spnea on exeition, widening of the aorta 
and a change in the mtensit)^ of the aortic second sound Paroxysmal 
nocturnal dyspnea is, however, a frequent feature of syphilitic aortitis, 
especially wnth aortic regurgitation, but is uncommon in hypertension 


T VBLE 5 — The Con ectuess of the Chmeal Diagnosis of Syphilitic Aoi litis as 
Influenced by the Picsence or Absence of Hypertension 



Total 

Diagnosis 
Made or 

Diagnosis 
Could 
Have Been 

Diagnosis 
Obscured 
by Other 
Cardiac 

Diagnosis 
Missed 
(Impos 
sible to 


Cases 

Suspected 

Made 

Besions 

MaXe/) 

Hypertension present 

30 

8 (20%) 

10 (33%) 

4 (13%) 

S (26%) 

Hypertension absent 

75 

9 (12%) 

25 (33%) 

9 (12%) 

32 (42%) 


wnthout left ventricular failure, many experienced examiners believe 
that wffiile accentuation of the aortic second sound is common to the 
tw^o groups, a t}mpanitic bell-hke alternation of its quality is peculiar 
to and chaiactenstic of s} philitic aortitis (Carter and Baker Analysis 
of this material indicates, as has already been repeatedly pointed out, 
that hypertension is not a frequent accompaniment of syphilitic aortitis, 
and that when present it usually depends on some other definite cause, 
such as chronic nephritis or arteriolar sclerosis Since all patients wnth 
aortic regurgitation have been excluded from this study, systolic eleva- 
tion of the blood pressure to 150 mm or ovei has been taken as a 
criterion of aiterial hypertension On this basis the blood pressure 
w as normal in 75 patients , the systolic blood pressure ranged betw^een 
laO and 200 in 23, and was o\er 200 in / Curiouslv enough, in 
spite of the confusion wuth wdiich ever} clinician is faced in the indi- 
Mdual case, the diagnosis of s}philitic aortitis was correct!} made more 
often in the group wath than in that without hypertension and it w^as 
completely ovei looked, the heart and aorta being regarded as normal 
much less frequently than when h}pertension w^as absent Perhaps this 
IS because the existence of arterial h}pertension focused attention on 
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the cardlo^ asculai appaiatus \\hich otherwise was devoted to clinical 
abnormalities unrelated to SAphilis or hypei tension At any late, the 
clinician’s diagnostic difficulties uere actually less, instead of gi eater, 
if the aortitis uas complicated elevation of the blood pressure 

The association of other clinical or pathologic evidence of syphilis 
uith aortitis uas of incidental interest to this study A Wasseimann 
test of the blood was done in 81 of the 105 patients, and was found to 
be positive in 61, or 75 3 per cent, and negative in 20, or 24 7 per cent 
Of the 20 patients with negative Wassermann reactions of the blood, 
2 shoved some other clinical evidence of syphilis, and 3 more gave a 
definite histoi} of infection In 14 of the 20, there was nothing what- 
ever to suggest si'phihs either clinically oi pathologically except the 
syphilitic aoititis, though in no instance was the pathologic study (espe- 
cially microscopic) so detailed as that carried out by Warthin From 
the purely pathologic standpoint, aoititis with its associated secondar} 
cardiac changes of h}pertrophy, chionic fibrous myocarditis, etc, was 


T'^ble 6 — I he Conectncss of the Clmtcal Diagnosis of Syphilitic Aoititis as 
Influenced by the Extent of Pathologic Damage 



Total 

Diagnosis 
Correctly 
Made or 

Diagnosis 
Might 
Have Been 

Diagnosis 
Obscured 
by Other 
Cardiac 

Diagnosis 
Missed 
(Impos 
sible to 

Degree of Pathologic Change 

Cases 

Suggested 

Made 

Findings 

Mate?) 

Slight 

OO 

r (n%) 

10 (43%) 

4 (14%) 

10 (43%) 

Moderate 

29 

4 (14%) 

9 (31%) 

12 (41%) 

Extensive 

49 

10 (20%) 

16 (32%) 

8 (16%) 

16 (30%) 


the onl} anatomic evidence of syphilis in 61 (nervous system usually 
not examined at necropsy), while in 44 there was associated pathologic 
evidence of syphilis, involving the liver m 14 patients, the central neivous 
s}stem in 15, the testis in 7 and other organs m 11 

An attempt ivas made to estimate the degree of syphilitic involvement 
of the aoita from the pathologic standpoint, and to compare this with 
the accuiacN of clinical diagnosis While this w^as not always possible, 
because of inadequate pathologic desciiption, nevei tireless, a division 
into thiee gioups on the basis of slight, moderate and extensne involve- 
ment, vas attempted Slight invohement includes those cases in which 
there veie a few or man} discrete patches of syphilitic inflammatory 
tissue in the aortic wall vithout much loss of elasticity Extensive 
mrohement indicates rvidespread, confluent infiltiation with oi without 
intimal ulceiation and with marked loss of elasticity and wide dilatation 
Inot aneur}smal) of the aortic wall Moderate involvement includes 
cases intermediate betveen these two As one might expect, clinical 
accurac} in diagnosis increases in propoition to the degree of pathologic 
cliange present It is surprising to note, however, that svmptoms, signs 
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or both, which made the clinical diagnosis peimissible, weie piesent in 
13 of 23 patients with slight pathologic involvement (56 pei cent), 
while these same clinical abnoimalities weie noted to be piesent in onl} 
26, 01 52 pel cent, of those wnth extensive pathologic changes The 
heait and aoita weie legaided as clinically noimal in 30 pei cent of 
those with extensive aoititis In some cases, at least, this must have 
depended on inaccurate clinical observation, as in the patient whose 
pathologic note lead “huge fusifoim dilation of the aorta,” but in whom 
nothing abnormal was found in the heait oi aoita befoie death 

It seems to us mteiestmg and impoitant that the x-ray was so infie- 
quently used as a diagnostic aid in this gioup of patients In only 29 
patients in the entiie gioup was a loentgenogiaphic examination earned 
out In 25 of these theie was definite roentgen evidence of dilatation of 
the aoita We have peisonally examined these plates , in some instances 
our interpi etation had been confirmed eaihei by fliioioscopy carried out 
by a loentgenologist Theie have been numeious studies made on the 
roentgenologic diagnosis of syphilitic aoititis, one of the most lecent 
of which ( Steel °) concluded that the lesion can be suspected when 
(1) a diffuse dilatation is piesent and is associated with a noiraal heart 
silhouette, oi (2) a dense, high aorta is piesent in a young pei son -with- 
out pievious h)- pel tension Obviously, teleioentgenogiaphic and fluoio- 
scopic examinations should be made in every syphilitic patient with 
symptoms or signs suggesting aortic involvement, and man) cases of 
piobable aoititis without symptoms oi definite physical signs would be 
detected if this examination were routine m eieiy patient ivith late 
syphilis 

THE CRITERIA OE DIAGNOSIS OF UNCOMPLICATED S\PHILITIC AORTITIS 

Caiter and Baker,-* while they did not emphasize the question of 
uncomplicated syphilitic aortitis, expressed the belief that the diagnosis 
of caidiovasculai syphilis is peimissible if any five of the following seven 
ciiteiia aie clinically demonstiable 

1 The liistory of a relatively abrupt and unexpected onset of the svmptoms 
of circulatory embarrassment 

2 The presence of a positive Wassermann reaction 

3 A demonstrable increase in the retromanubnal dulness in the second inter- 
space, and a change in the tonal quality of the aortic second sound The 
fluoroscopic evidence of aortic dilatation 

4 An absence of the signs of mitral disease, connoting rheumatic infection 

5 The history of paroxjsmal dyspnea, often nocturnal 

6 The histor}^ of pain, particularly paroxjsmal pam 

7 Progressive cardiac failure 

9 Steel, D The Roentgenographic Diagnosis ot Siphihtic Aortitis in a 
Review of Fortv Pro\ed Cases Am Heart J 6 59, 1930 
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^^'e have anal} zed oui 105 cases for the incidence of these various 
signs and symptoms, with the result shown in table 7 These data indi- 
cate that the most consistently positive finding is roentgen evidence ot 
aortic dilatation, and this even without the aid of fluoroscopy, from which 
additional mfoimation of value as to the elasticity of the aortic wall 
ma} be gathered Next in importance is a history of symptoms of circu- 
latory embarrassment, usually dyspnea on exertion, which in this series 
ivas more often insidious than abrupt in onset Increased retrosternal 
dulness occurred iii almost half the patients , one suspects from the 
roentgen eiidence that more careful physical examination would have 
shown Its piesence in a still higher proportion The presence of a t}m- 
panitic accentuated second aortic sound Avas noted in only 25 8 per cent, 
though here, too, one is relatively ceitain that had a single experienced 
examiner been able to see all these patients, the incidence of this 
abnormality would hare been much greater The interpretation of this 


Table 7 — The Incidence of Vaiioiis Symptoms and Signs in Patients until 
Syphilitic Aortitis Piovcd at Ncciopsy 



Total Cases with 

Xumber of Patients 



Information 

‘'bowing Sjmptom 



Available 

or Sign 

Percentage 

History of circulatory embarrassment 

88 

4i 

50 0 

Widened retrosternal dulness 

89 

44 

49 4 

Accentuated tjanpanitic A 2 

89 

23 

25 8 

Roentgen evidence of widened aorta 

29 

25 

86 0 

Paroxysmal dyspnea 

90 

7 

77 

Pain 

89 

16 

17 9 

Cardiac failure (not terminal) 

92 

24 

26 0 


\ 


"A 


change m quality of the heait depends on experience Paroxysmal 
dyspnea and substernal pain or discomfort were much less frequent 
than we had anticipated 

Twenty-tAAO patients in this series showed none of the symptoms or 
pliASical signs named Thirty-three more had one or two symptoms, 
signs or both, vhile in the remainder in Avhom the data ivere available, 
fiom thiee to six of the criteria listed were present (not including Carter 
and Bakei ’s second and fourth criteria, namely, the presence of a positive 
■\^'assermann reaction of the blood and the absence of mitral disease) 

On this basis, we should tabulate, in older of relative importance, the 
folloAving diagnostic criteria of uncomplicated syphilitic aortitis 

1 Teleroentgenographic and fluoroscopic evidence of aortic dilatation 

2 Increased retromanubnal dulness 

3 A historj of circulators" embarrassment 


10 Additional suggestne ph 3 "sical esidences of sj'phihtic aortitis are (1) s 
\isible and palpable pulsation m the suprasternal notch m the absence of hyper- 
tension, and (2) a rough sjstolic murmur loudest at the aortic area but often 
also audible at the apex 
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4 A tympanitic, bell-like, tambour accentuation of the aortic second sound 

5 Progressive cardiac failure 

6 Substernal pain 

7 Paroxysmal dyspnea 

We believe that in a patient with known late syphilis (whether or not 
the Wasseimann reaction of the blood is positive), the presence of any 
thiee of these criteiia is stiong evidence for the diagnosis of syphilitic 
aortitis, while the piesence of any two of them lenders the diagnosis 
piobable In a patient with a negative Wasseimann leaction of the 
blood, with no histoiy oi othei physical evidence of syphilis and without 
obvious disease of the mitral lalve, the piesence of any foui of these 
S3nnptonis oi signs is also clinical justification foi the diagnosis 

This position will, we hope, be mateiially strengthened by the corol- 
laiy of the present stud}^ In contiast to following, as we have done, 
the patient with syphilitic aoititis backward fiom the necropsy table 
thiOLigh his clinical course, we must next follow a group of patients in 
whom the diagnosis was actually made during life to the necropsy table 
when possible, to see to what extent our clinical assumptions aie justi- 
fied Such a study will form the subject of a subsequent paper of this 
senes 

We believe, on the basis of this stud}^ that it is possible to make the 
diagnosis of syphilitic aoititis in the absence of aoitic insufficiency or 
aneuiysm The peicentage of coirect diagnoses will increase if the 
physician remembers that aortitis is a fiequent pathologic finding in late 
syphilis, if he makes specific inquiry for possible symptoms, if he looks 
for the common ph}sical signs, and, above all, if he uses teleioent- 
genologic examination as a routine measure in patients who have had 
syphilis foi ten oi moie years 

We think that m the light of piesent knowledge it is fan to take the 
attitude that it is bettei for the patient, so far as the management and 
tieatment of Ins S3^phihtic infection are concerned, to diagnose syphilitic 
aortitis on the basis of lelativety slight suspicion duiing life, even if the 
lesion IS not found at autops3'-, than to fail to lecognize it during life 
only to have it discoveied at autopsy Under the former circumstances, 
appiopnate tieatment and years of subsequent observation may well 
pi event the appearance of aoitic insufficienc3'^ or aneurysm and preserve 
the patient foi a long and useful life Under the latter, we shall be 
too often chagiined by the pathologist’s announcement that the patient 
died of S3fphihtic heart disease unsuspected clinically oi of the unfortu- 
nate effects of too sti envious treatment which would not have been given 
had the tiue situation been known 

SUMMARY AX’D CONCLUSIONS 

1 The eaily diagnosis of uncomplicated syphilitic aortitis is of fun- 
damental impoitance for the treatment of cardiovascular syphilis 
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2 The literatuie indicates that deaths fiom oiganic heart disease are 
increasing and that syphilis is responsible for fiom 10 to 15 per cent 
of all cases grouped undei this heading 

3 In this clinic about 10 pei cent of all patients uith late syphilis 
show clinical evidence of cardiovasculai sjphilis 

4 Neciopsy CMdence, from this country and abroad, indicates that 
fiom 80 to 90 per cent of all adults with late syphilis show pathologic 
CMdence of syphilis of the aorta 

5 In the 20 year period fiom 1910 to 1930, there came to necrops} 
in the Johns Hopkins Hospital 105 patients with uncomplicated s)'phihtic 
aortitis (without aoitic reguigitation or aneui}sm) 

6 Sixty-three of these patients died while in the medical service, 
42 were in various surgical services 

7 The clinical diagnosis of syphilitic aortitis was coiiectly made 
during life in 4 of the 105 patients, m 13 moie, it ivas suspected that 
something was wrong with the aorta 

8 On the basis of the symptoms and ph}sical signs recorded, the 
diagnosis might have been correctly made in 35 additional patients 

9 In 12 instances, the diagnosis was obscuied b} some other form 
of cardiovascular disease 

10 Thiity-four patients died with hearts and aortas thought clinically 
to be normal 

11 Syphilis was infiequently a majoi feature of the fatal illness 
When It was, aortitis was more often diagnosed coi recti} than ivhen the 
final illness was unrelated to syphilis 

12 Hypertension was an infrequent accompaniment of syphilitic 
aortitis, and in spite of the confusion it created in the individual case. 
Its presence did not pi event correct diagnoses 

13 The Wassermann reaction of the blood was positive in 75 per 
cent of these cases, and negative in 25 per cent 

14 The success or failure of clinical diagnosis is compared with the 
extent of pathologic change present in the aoitas S}mptoms and signs 
permitting a diagnosis w'-ere present in about half of those who showed 
onl} relatively slight gross pathologic change 

15 The criteria of diagnosis are discussed, and seven frequentl} 
found s}mptoms or signs listed Of these the most impoitaiit are loent- 
genologic evidence of aortic dilatation, increased retrosternal dulness, 
a history of circulatory embarrassment and a change in the tonal qualit\ 
of the aoitic second sound 

16 In patients wuth proved late syphilis the presence of any three of 
the seAcn criteria listed is considered justification for the diagnosis of 
uncomplicated syphilitic aortitis 
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A leview of the liteiature of expeiimental nephritis shows that 
investigators have failed to pioduce chionic lenal lesions in expeiimental 
animals comparable to those noted m man Chemicals and toxins may 
cause an acute fatal condition or one from which the animal will 
recovei, but the most piomismg piocedure seems to he in the lemoval 
01 destruction of lenal tissue 

The literatuie dealing with the effects of experimental renal 
insufficiency induced by the operative removal of kidney tissue contains 
conflicting conclusions and results The reasons for many of the dif- 
feiences can be accounted foi by the lack of controlled experimental 
conditions, involving the dietaiy legimen, the amount of kidney tissue 
lemoi-ed, the period of experimentation and the type of animal used 
Since the efforts of man} investigators to pioduce consistently such 
signs as hypertension, cai diac hypertrophy, polyuria, albummui la, etc , 
haie been unsuccessful or only paitially successful, a series of experi- 
ments was demised to study certain phases of the problem on a large 
numbei of animals 

The first woi k on partial nephrectomy was done by Tuffier ^ This 
imestigatoi leinoied fiist one kidney and later a portion of the other 
He concluded that there weie no changes in the elimination of mine or 
urea 

Aftei the lemoval of thiee fourths of the kidney tissue in dogs, 
BiadfoicU noted that death occurred in from one to six weeks from 
asthenia with gieat wasting If approximately two thirds of the total 

Submitted for publication Sept 2, 1931 

From the Laboratory of Ph> siological Chemistry of the University of Virginia 

T Philip Francis DuPont Fellow m Internal Medicine 

1 Tuffier, T Etudes evpenmentelles sur la chirurgie du reins, Pans, G 
Steinheil, 1889 , quoted by Pearce, R M J Exper Med 10 632, 1908 

2 Bradford, J R The Results Following Partial Nephrectomy and the 
Influence of the Kidnev Upon Metabolism, J Physiol 23 415, 1899 
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kiclne\ tissue was removed, a considerable and piactically permanent 
increase in the urinaiy volume was obseived, but there was no 
appreciable change m the amount of urea excreted The lemoval of 
three fourths of the kidney tissue was followed by a marked increase 
in the urinary volume accompanied by an increase in the amount of urea 
excreted Under the latter circumstances, there is an increase in the 
nitrogenous compounds in the blood and in the tissues, particularly the 
muscles No evidence of cardiac hypertrophy or of arteiial change was 
found Bradford suggested that the tissues of the body and paiticularly 
the muscles broke dowm when the kidney tissue was maikedly reduced 
He stated that he had no evidence to deteimme whethei this was due a 
to the lack of an internal secretion of the kidney No albuminuiia ivas 
noted in these experiments 

In 1905, Passler and Hemecke^ presented the first evidence of 
hypertension associated with cardiac h} pertroph}’- as a lesult of paitial 
nephrectomy These investigators removed one and one-half kidneys, 
and at frequent inteivals removed small poitions of the lemaining 
hypertrophied tissue Of the eighteen dogs operated on, seven lived at 
least four weeks without cachexia after the last opeiation and shoived 
the signs of renal insufficienc}'' Of these animals, five showed definite 
cardiac hypertrophy, one was close to the upper limit of noimal, and 
one was normal The cardiac hypertrophy was judged by comparing the 
weight of the left with that of the right ventricle In the seven dogs 
mentioned, the ratio was 2 26 1 as compared to the normal of 1 76 1 
The hypertrophy was noted only in dogs that had renal insufficiency of 
high degree but did not develop cachexia The blood pressuie deter- 
minations were made by cannulatmg the femoral artery The inciease 
noted varied from 15 to 29 mm of meicury with an average of 21 5 
mm Polyuria accompanied by albuminuria and cylmdruria was 
obtained in these animals, but no edema ivas noted It is of importance 
to emphasize that the hypertension peisisted long after the necrotic 
stumps had been absorbed 

Bainbridge and Beddard ^ concluded, fiom their studies on cats, that 
the removal of thiee fourths of the kidney substance caused loss of 
appetite, wasting and death in a few days or weeks There was an 
increase in nitrogen output only after the animal had lost 22 per cent 
or more of its body weight, which was similar to the lesults obtained 
wnth Stan mg animals The possibility of an internal secretion of the 

3 Pissler and Hemecke Versuche zur Pathologic des I^Iorbus bnghtn, 

\ erhandl d deutscli path Gesellsch 9 99, 1905 

4 Bainbridge, F A, and Beddard, A P The Relation of the Kidnevs to 
Metabolism, Proc Roy Soc 79B 75, 1907 
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kidney having any direct effect on nitrogen metabolism was excluded 
The} also found that theie was not necessanly an increase m the volume 

of urine 

The work of Bambridge and Beddard ^ was confiimed by Pearce ® 
duiing the following year No polyuria or constant albummuiia was 
noted 

Janeway used Caiiel’s^ method of i educing the kidney substance 
by ligating several branches of the renal artery Two dogs lived foi 
one hundred and four and one hundred and sixty-thiee days, respec- 
tively, and showed a moderate sustained hypei tension (fiom 20 to 35 
mm of meicury above normal) with polyuria, albuminuria and cylin- 
druiia It was noted that the hypertension was sustained after the 
infarcted kidney tissue had been absorbed 

Pilcher ® ligated branches of the renal arteries of one dog and one 
cat He made no note of the blood nitrogen level oi of the blood pres- 
suie He concluded that “with but one-fourth of the kidney substance 
functioning, the quantity of mine was practically normal, the urine con- 
tained no albumin or casts , cardiac hypertrophy did not occur ” 

Cash® reduced tlie lenal tissue of dogs by excision and by ligation 
of the lenal vessels A model ate increase m blood pressure was obtained 
shortly aftei the opeiation, provided that the portion of the kidney that 
was deprived of its circulation was allowed to remain in situ This 
inci eased blood pressuie lasted but a short time and tended to return 
to normal There was no appreciable change in the blood nonprotein 
nitrogen or total chlorides after a reduction of from 25 to 85 per cent 
of the kidney tissue No edema was noted 

Rabbits were utilized by Anderson in a study of renal insufficiency 
He found that the operative removal of 70 pei cent of the kidney tissue 
in rabbits does not produce hypertension even when piolonged renal 
insufficiency results An mciease was noted in the blood urea, which 

5 Pearce, R M The Influence of Kidney Substance Upon Nitrogenous 
IMetabolism, J Exper Med 10 632, 1908 

6 Janevvay, T C Note on the Blood Pressure Changes Following Reduc- 
tion of the Renal Arterial Circulation, Proc Soc Exper Biol & Med 6 109, 1909 

7 Carrel, A Note on the Production of Kidney Insufficiency bj"^ Reduction 
of the Arterial Circulation of the Kidney, Proc Soc Exper Biol & Med 6 107 
1909 

8 Pilcher, J B On the Excretion of Nitiogen Subsequent to the Ligation 
of Successive Branches of the Renal Arteries, T Biol Chem 14 389, 1913 

9 Cash, JR A Preliminary Study of the Blood Pressure Following 
Reduction of Renal Substance, with a Note on Simultaneous Changes in Blood 
Volume and Chemistry, Bull Johns Hopkins Hosp 35 168, 1924 

10 Anderson, H The Relation of Blood Pressure to the Amount of Renal 
Tissue, J Exper Med 39 707, 1924, Experimental Renal Insufficienciq Arch 
Int Med 37 297 (March) 1925 
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was initial!} greater in those that died earl} and was progiessively 
increased in animals In ing for comparatn ely long periods The specific 
giant} of the mine of these labbits tended strongly towaid fixation 
.\lbnniinui la and C}hndruria weie absent 

Allen, Schai f and Lundin have reviewed their work oil partially 
nephrectomized dogs, sheep and goats These investigators found that 
dogs -will die if moie than 75 per cent of the kidney tissue is removed, 
but goats will survive in apparently good health with but one fifth of 
one kidney In dogs on a nornial diet, elevations in blood pressure of 
ironi 20 to 30 mm were obtained These animals showed a retention 
of nitrogenous materials and an impaired water excretion, large volumes 
of administered water being retained m the blood and tissues while the 
uiine output was scanty and the specific gravit} relatively high Marked 
polyuiia Mas obtained in sheep and goats A moderate anemia devel- 
oped 111 these animals 

jNIark succeeded in producing a noticeable renal insufficiency in 
fii e dogs by ligation of the branches of the leiial arteries These animals 
continued in good health with no marked symptoms oi loss of weight 
His findings ivith the animals on a control diet were as follows There 
Mas no polyuiia, there was a definite loss of ability to concentrate the 
uime but no loss of ability to dilute it, there was a loss of ability to 
excrete definite amounts of ingested urea Muthm twenty-four hours, 
Mheieas the normal dog could excrete the same amount within fiom 
tM'o to thiee hours, the blood pressure remained noimal 

In 1930, Maik and Geisendoi f er produced a renal insufficiency in 
dogs b} ligation of the lenal aiteries and subsequent removal of the 
lemaining kidne} The} demonstrated a definite hypei tension and 
cardiac hypei trophy in five dogs that survived the opeiations foi an 
appieciable length of time The cardiac hypertiophy was judged by 
micioscopic measurements of the diameters of the heait fibeis as well as 
b} gross examination 

Verne} working with a perfused heart-lung double-kidney prepa- 
ration, obtained an immediate inciease in urinary flow after the ligation 
of a branch of the renal artery The reduced kidney tissue lesponded 

11 Allen, F M , Scharf R and Lundin, H Clinical and Experimental Renal 
Deficienci, J A il A 85 1698 (Nov 28) 1925 

12 Mark, R E Untersuchungen uber die Nierenfunktion Ergebnisse par- 
tieller Nierenarterienunterbindung am Hunde, Ztschr f exper Med 59 601, 1928 

12a Mark, R E, and Geisendorfer, H Untersuchungen uber die Nieren- 
lunction Zur Frage des Zusammenhanges von Nierenmasse, Herzhvpertrophie 
iind Elutdrucksteigerung, Ztschr f d ges exper Med 74 350, 1930 

13 }'erne\, E B Experimental Reduction of Renal Tissue Lancet 1 645, 
1029 



CH AN VTJN~FERRIS— RENAL INSUFFICIENCY 


771 


at a constant blood presstne as though it was subjected to an increased 
perfusion pressure In other words, “the pressure stimulus to secretion 
has become more effective ” 

Ferns and Hynes removed one kidney and ligated the lenal arteries 
of the olhei A maiked rise m blood pressure occur led shortly aftei 
the operation This elevation was followed by a giadual fall ending with 
a base line fiom 10 to 15 mm above normal 

In a prehminaiy leport dealing with chronic renal insufficiency in 
dogs, Apfelbach and Jensen reported the lesults obtained after inject- 
ing pai tides of chaicoal into the renal artery They listed the following 
changes a decrease in the ability of the kidney to concentiate and dilute 
urine, nitrogen retention m the blood, polyuria, a decrease in body 
weight and a decrease in the carbon dioxide combining power, edema 
and arteiial hypertension did not occui They stated that death could 
not be ascribed to renal insufficiency unless the foiegomg syndrome 
occuri ed 

A brief summary of the results obtained after partial nephiectomy 
in various species will emphasize the conflicting views concerning the 
experimental production of arterial hypertension, renal insufficiency and 
cardiac hypei trophy 

1 Arteiial hypertension was noted in the chronic state of leiial 
insufficiency by Passler and Hemecke,® Janeway,® Allen, Scharf and 
Lundin and Maik and Gei sender f ei , hypertension in the acute 
stage by Cash ® and Feins and Hynes No effect on the blood pressure 
was obtained by Anderson and by Apfelbach and Jensen 

2 Polyuria was noted by Biadford,^ Passlei and Heinecke,® Jane- 
way,® Allen, Scharf and Luiidin and Apfelbach and Jensen 
Absence of polyuiia was recorded by Bainbiidge and Beddaid,^ Pearce,® 
Pilcher ® and Maik 

3 Piactically all workeis have reported a nitiogen retention in the 
blood 

4 Edema ivas never noted in partially nephrectomized animals 

5 Albuininuiia and cylindiuria were not studied in any detail by anv 
of the foiegomg investigatois 


14 Ferris, H W, and Hjnes, J F Indirect Blood Pressure Readings in 
Dogs Description of Method and Report of Results, J Lab & Chn Med 16 597 
1931 

15 Apfelbach, C W, and Jensen, C R Experimental Renal Insufficiency in 
Dogs with Special Reference to Arterial Hipertension J Chn Investigation 10 
162, 1931 
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EXPERIMENTAL METHODS 

"W istar strain of the albino rat was used in this work These animals were 
raised and bred in our laboratory and were free from infection and parasitic infes- 
tation The rat is extremelj well adapted to the type of work to be reported, since 
It IS notorioiish hard^ and resistant to operatne infection Furthermore, large 
numbers ol biological!} standardized animals can be studied 

6 Cardiac h} pet troph}'' was noted by Passler and Heinecke^ and 
Mark and Geisendoifer Bradfoid" and Pilchei ® reported negative 
lesults 

Ihe animals were anesthetized wath ether, the hair over the left kidney region 
was clipped short, 95 per cent alcohol was poured over the area, and an incision 
w'as made directly into the peritoneal cavity The left kidney was brought to the 
surface, loops of white cotton thread were placed tightly in position around both 
poles and then ligated off b} closing the loops By this method, from one half to 
three fourths of one kidney was removed from the circulation In some cases the 
ligated poles were completely removed, but usually they were allowed to remain in 
situ Very little hemorrhage accompanied this procedure The ligated kidney was 
returned to its fossa, and the peritoneum, the muscle w'all and the skin were 
approximated in two layers with a continuous suture of black silk The whole pro- 
cedure, including anesthesia, required from three to four minutes One week later 
the right kidney was excised by a similar approach The control animals were 
carried through the same operative procedure, the kidneys being exposed, handled 
and replaced Other than dipping the instruments in 95 per cent alcohol before 
use and pouring alcohol over the skin, no aseptic precautions were taken Fol- 
lowing operation, there developed a few superficial abscesses, which cleared up 
after drainage Neither peritonitis nor renal suppuration occurred in any animal 
There was no noticeable reaction from the nonabsorbable thread used 

As a general rule, from six to eight animals of the same litter were placed in 
an adequatel} room} cage One control animal was allowed for every three or four 
nephrectomized rats Immediatel} after the second operation all animals were 
placed on a diet containing 20 per cent dried extracted beef, 50 per cent dextrin, 
16 per cent lard, 5 per cent standardized cod liver oil, 4 per cent salt mixture 
(OsboPne and Mendel) and 5 per cent }east Food and water were ahvays 
av ailable 

The blood was obtained for analysis by clipping the tail of the anesthetized rat 
The hemoglobin determinations were made by the Newcomer method The Folin 
and Sv edberg micromethod was used for the determination of nonprotein nitrogen 
The specific grav it} of the serum, whole blood and urine w’as measured by the fall- 
ing drop method ot Barbour and Hamilton i" 

Twent}-four hour specimens of urine were obtained for study by placing the 
rats in individual metabolism cages similar to those described b} Levine and 
Smith'*® Food was withdrawn twenty-four hours before the rat was placed in the 


16 Folin, O , and Sv edberg, A Micro Methods for the Determination of Non- 
Protein Nitrogen, Urea, Uric \cid, and Sugar in Unlaked Blood, J Biol Chem 
88 85, 1931 

17 Barbour, H G , and Hamilton, W F The Falling Drop Method lor 
Determining Specific Gravitv, J Biol Chem 69 625, 1926 

IS Levine, H, and Smith, AH A Cage Device for the Stud} of Ketosis 
and Nitrogen Metabolism on Small Animals, J Lab &. Clin Aled 11 3, 1925 
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metabolism cage m order to eliminate the possible effect of food metabolites on 
urinary excretion The animal was then placed m the cage without water for 
twenty-four hours, and the urine for this period was collected The volume was 
measured, the urine centrifugated and the specific gravity and albumin 

determined , , , vu 

Unfortunately no satisfactory method for following the blood pressure m the 

rat at frequent intervals could be devised An attempt was made to apply the 
universally accepted clinical method of determining blood pressure by applying a 
small cuff connected with a clinical mercury manometer to the tail of the rat The 
animal was anesthetized with ether, the cuff applied to the tail and the pressure 
increased above the expected blood pressure The tail was cut with sharp scissors 
and immersed in a small beaker containing isotonic citrate solution The pressure 
was then low^ered until there w'as a marked spurt of blood from the tail artery 
This point was extremely sharp in most animals However the blood pressure 
obtained by this method was extremely variable and much lower than that obtained 
by cannulating the carotid and therefore was abandoned In moribund animals 
show'ing a carotid blood pressure of about 100 mm of mercury, it was frequently 
noted that the tail blood pressure w’ould be about 20 mm In animals showing a 
high blood pressure by the carotid method, it was usually found that the tail pres- 
sure was also high 

An effort w^as made to cannulate the tail artery, but this method was also 
unsatisfactory 

All blood pressure readings to be given were obtained by cannulating the carotid 
just before the animal was killed The carotid was cannulated with needles of 
varying bores depending on the size of the vessel A mercury manometer of about 
0 7 mm bore that was checked against a clinical manometer was used The appara- 
tus was similar to that used by Rous and Drury The system was filled with a 
solution of S per cent sodium citrate to prevent clotting The level of the mercury 
was adjusted to approximate the expected pressure m order to prevent loss of 
blood into the manometer On separating the carotid of an hypertensive rat from 
the surrounding fascia, the vessel w^as found to be tortuous and would bulge from 
Its normal position The carotid arteries in these animals were markedly dilated, 
but no gross thickening or sclerosis was noted Through observations of the 
carotid we were able by experience to estimate the blood pressure level with con- 
siderable accuracy The animal was anesthetized with ether, the artery was isolated 
and cannulated, and pressure readings were begun within two minutes of the begin- 
ning of the anesthesia Final readings were taken while there was a corneal reflex 
but before the animal awakened sufficiently to move 

The heart and kidney were removed immediately after death, weighed and 
either preserved for microscopic stud}'’ or used for the determination of the total 
solids Care was taken to remove all of the blood from the heart cavities A 
major part of the atria was removed in order to get rid of the first portion of the 
aorta The kidneys were weighed after the remaining portions of the necrotic 
stumps had been removed Total solid determinations of the heart and kidneys 

were made by drying for twenty-four hours at from 100 to 110 C in a constant 
temperature oven 


Dr^J S.ra wS Jr^'' """ 
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EXPERIMENTAL RESULTS 

Stock Auwials — In order to test the leliabiht} of out standards 
of measurements of the lieait, kidne}S and blood pressure in intact 
animals of different ages, weights and sex, a number of stock 
animals-- uere killed The surface aiea was determined by the 
formula proposed b} Lee in which S = 12 54x W The ratio of 
iieirt or udno ,.v; eig iit ^ jqq provcd to be Satisfactory in detei mining the 

rclatne changes in the weight of the heart or kidney, particulail} of the 
heart In table 1 it will be seen that the variations for the heait ratio 
w ere small, the a\ erage latio being 0 177 The ratio for the kidneys was 
slightly more variable, with an average of 0 486 The limits of blood 
pressure in these animals ranged between 110 and 136 mm of ineicur} 


Table 1 — Stock Animals 


Rut 

W eight, 
Gm 

Heart 

Weight, 

Gm 

Heart Weight 

Surface Area 

X 100 

1 

312 

0 093 

0167 

o 

290 

0 023 

0103 

3 

29G 

0CS7 

OISO 

■1 

SIG 

0 75S 

01S3 

5 

32G 

0 712 

0177 

G 

2C5 

0 023 

0170 

7 

2G0 

0G32 

0 176 

S 

2SG 

OGSS 

0185 

9 

290 

OGGI 

0177 

10 

173 

0193 

0170 

11 

22G 

OGOS 

OISS 

Aiernge 


0177 


Kidney Weight 


Kidney 

Weight, 

Gm 

Surface Area 
X 100 

Blood 
Pressure, 
Mm Hg 

Age at 
Death, 
Days 

1968 

0 472 


142 

1782 

0 467 

120 

142 

1875 

0 490 

110 

142 

2106 

0 513 

120 

147 

2 023 

0 503 

136 

147 

1 788 

0 503 

122 

166 

1 767 

0 490 

133 

IGO 

1900 

0 527 

132 

202 

1811 

0 4S2 

ISO 

332 

1233 

0 448 

126 

332 

1 472 

0 436 

120 

337 


0 486 

12G 



Conti ol Animals — As previously stated, the control animals were 
kept from thiee to tw^o hundred and twent}-foui da 3 S after laparotomy 
under identical conditions as the partiall}'’ nephrectomized rats (table 2) 
The blood nonprotein nitiogen fluctuated between 30 and 54 mg per 
hundred cubic centimeters (average, 38 mg ) The specific gravity of the 
serum varied between 1 0250 and 1 0290 (average, 1 0270) The 
carotid blood pressure varied between 106 and 145 with an aveiage of 
120 mm , which closel}' approximated the figures obtained by Durant"* 
in the adult white lat Since theie wms but one animal the blood piessure 
of which exceeded 140 mm, this figuie wms chosen as the upper limit 
of normal blood piessuie 


22 The animals were fed a dog food, Bal Ra prepared bj the Valentine Meat 
Tmcc Companj, Richmond, Va 

21 Lee !M O Determination of the Surface A.rea of the White Rat with Its 
Application of the Expression of IMetabohc Results, Am I Ph 3 ''siol 89 24, 1929 
24 Durant, R R Blood Pressure in the Rat, Am J Phvsiol 81 679, 1927 
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The specific gravity of the twenty-four hour specimens of urine 
collected for the concentration test showed variations from 1 0352 to 
1 0733 (average, 1 0600) The specific gravity of the urine of the 
animals having access to food and water aveiaged about 1 0500 The 

Table 2 — Control Animals 


Dura Heart Kidney Non Twenty Four Hour Urme 

tjou Weight Weight protein Concentration Test 

_ T^lnn/^ ^ 




Of 

Experl 

Age at 

Hemo 

globin. 

Surface Surface 

rsiooQ 

Pres 

jNitro- 

gen. 

' Vol 


Albu 


Weight, 

ment, 

Death, 

Gm per 

Area 

Area 

sure. 

Mg per 

ume. 

Specific 

luin. 

Bat 

Gm 

Days 

Days 

100 Cc 

X 100 

X 100 

Mm 

100 Cc 

Cc 

Gravity 

Gm 

388 

326 

3 

100 


0185 

0 557 

118 

45 




335 

259 

4 

335 


0170 

0 460 

no 

54 




324 

230 

11 

221 


0173 

0 583 


43 




311 

212 

12 

241 


0 192 

0 423 

120 

40 

35 

1 0391 


316 

267 

12 

153 


0168 

0 432 

118 

40 

37 

1 0428 


426 

366 

72 

295 

15 3 

0193 

0 417 

124 

48 

19 

10710 


319 

400 

72 

^209 


0180 

0 438 

145 


29 

icon 


90 

188 

79 

389 


0183 

0 427 

120 

36 

1 3 

1 0031 


573 

324 

87 

391 

15 8 

0178 

0 503 

116 


3 5 

10543 


570 

310 

87 

394 

10 1 

0 201 

0 522 

116 


24 

10724 


545 

279 

97 

337 

16 8 

0 203 

0 500 

no 


37 

1 0307 

0 006 

543 

252 

97 

337 

12 7 

- 0185 

0 537 

116 

S3 

24 

1 0632 


547 

226 

97 

256 

15 0 

0 202 

0 536 

106 

34 

36 

1 0456 

0 003 

550 

267 

97 

245 

16 6 

0 207 

0 520 


26 

31 

1 0484 


175 

301 

99 

153 


0187 

0 454 

140 

43 

28 

1 0449 


576 

304 

100 

270 

12 4 

0172 

0 506 

108 

29 

25 

10540 


554 

207 

101 

283 

17 3 

0168 

0 398 

112 

50 

23 

1 0512 


477 

277 

109 

268 

10 9 

0192 

0 480 

no 

45 

33 

10409 


87 

192 

112 

398 


0187 

0 380 

100 


15 

1 0631 


506 

214 

119 

191 

181 

0105 

0 408 

no 

42 

20 

1 0582 


442 

345 

122 

271 

15 8 

0181 

0 387 

ISO 

32 

27 

10386 


415 

380 

124 

284 

15 0 

0192 

0 294 

120 

31 

89 

1 0470 

0 003 

20 

192 

133 

334 


0160 

0 400 

112 

48 

1 4 

1 0535 


19 

225 

133 

320 


0172 

0 437 

126 

47 

11 

1 0073 


23 

160 

136 

327 


0178 

0 442 

120 

40 

15 

1 0733 

0 005 

75 

255 

140 

256 


0 202 

0 432 

116 

35 

13 

1 0703 


14 

280 

107 

234 


0183 

0 443 

138 


20 

10605 


13 

296 

108 

235 


0190 

0 498 

126 


30 

1 0617 


118 

284 

173 

222 

14 8 

0187 

0 432 

118 


1 5 

10092 


109 

181 

174 

223 

15 0 

0188 

0 380 

120 

30 

1 4 

10642 


no 

226 

174 

223 

12 1 

0 215 

0 364 


30 

21 

10607 


111 

193 

174 

223 

13 0 

0184 

0 375 

114 

35 

09 

1 0621 


150 

418 

182 

395 

10 0 

0106 

0 308 

126 

23 

27 

10518 


94 

255 

183 

344 

16 0 

0193 

0 417 

134 

30 

00 

1 0708 


95 

204 

183 

344 

17 0 

0185 

0 414 

142 

33 

10 

1 0605 


8 

245 

185 

299 

15 3 

0193 

0 390 

no 

29 

27 

1 0624 

0 003 

61 

195 

187 

268 

14 5 

0177 

0 411 

140 

37 

12 

1 0793 


52 

241 

198 

485 


0 184 


108 


22 

1 0617 


55 

204 

198 

485 


0 202 

0 380 

116 


19 

1 0006 

0 001 

90 

248 

200 

415 

15 2 

0184 

0 417 

120 


28 

1 0399 


135 

302 

207 

240 

14 8 

0 205 

0 455 

118 

33 

25 

1 0602 

0 004 

70 

343 

211 

310 

17 5 

0196 

0 402 

no 

47 

54 

1 0352 

0 001 

61 

340 

212 

283 

IS 2 

0 200 

0 477 


43 

20 

1 0036 


41 

237 

212 

398 

10 5 

0190 

0 408 

120 

43 

23 

1 0553 


62 

281 

212 

283 

19 0 

0170 

0 304 

120 

48 

17 

1 0521 


35 

366 

213 

520 

15 3 

0 200 

0 423 

136 

50 

40 

1 0470 


6 

232 

213 

495 

15 8 

0 200 

0 437 



1 7 

1 0613 


6 

385 

219 

307 

16 8 

0180 

0 421 

112 

48 

1 8 

1 0605 


53 

332 

219 

307 

17 3 

0 204 

0 465 


34 

2 7 

1 0622 


169 

251 

224 

294 


0180 




1 7 

1 0650 


108 

869 

224 

294 

14 0 

0197 

0 436 

no 

31 

29 

10547 


Average 



35 5 

0191 

0 438 

120 

38 

2 4 

1 0579 



albino rat can and normall} does excrete a more concentrated urine than 
man The twenty-four hour specimen of urine obtained during a con- 
centration test varied in volume between 0 9 and 5 4 cc (average, 2 cc ) 
As was to be expected, the specific gravity varied with the volume The 
normal slight trace of albumin was most always found in the urine 
The sediment was constantly negative for casts 
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'fj-jc X 100 latio langed between 0 164 and 0 204 (average, 

0191) The kidne}^ ratios were more variable Total solid determi- 
nations of both the heart and the kidneys nere almost constant, the 
former approximating 23 per cent and the latter 25 per cent 

An appreciable number of the control animals exhibited multiple 
lung abscesses, atelectasis or emphysema In these there was a constant 
increase in the heart ratio, some reaching 0 250, but the blood pressure 
tended to be slightl} loner (from 100 to 124, average, 113 m eleven 
rats) than in the healthy control animals Therefore, animals with 
pulmonary disease were excluded 

Urinary and blood studies at frequent intervals showed that the 
results for an individual rat were fairty uniform over a considerable 
period of time A ti pical case is shown in table 3 


T “iBLE 3 — Pi oiocol of Rat 41, Used as Control 


Time liter 
Operation, 
Dnrb 


Nonprotein 
Nitrogen, Mg 
per 100 Cc 

Hemoglobin, 
Gm per 

100 Cc 

Urme (24 Hour Specimen) 

W eight, 
Gm 

Volume, 

Cc 

Specific 

Gravity 

Albumin, 

Gm 

0 

240 






18 


40 





JO 

210 






(2 

2o0 

3S 





«S 




21 

1 0020 

0 002 

112 

277 

37 





US 




25 

1 0420 


173 




24 

1 0402 

0 001 

ITO 

2'b 

33 

17 3 




2II 




23 

1 0553 


212 


4, 

1C 5 





Notes Rtt 41 innlc aged 183 days Killed Apiil 16, 1931 Hot sick, no pathologic changes 
Wood prcs'iire 120 heart ratio 0190, total solids 22 9 per cent, kidney ratio 0 403, total solids 
21 0 per cent “erum specific gravity 1 0270, specific gravity of ithole blood 1 0027, micro 
'copically, urine negative 

T/ie Emiy Postopo afivc Stage m Appaiently Well, PaiUally 
\ I phi cctomizcd Animals — Definite nitrogen retention and pronounced 
poliuria iieie noted during the first few da)fs after the second operation 
ithin two iieeks, however, there was usually a decreased volume of 
urine About the third week, the degree of renal damage apparently 
detei mined whether the nitrogen retention and polyuria were to be 
decreased or increased The loss of weight noted in these animals was 
probabh due for the most part to the frequent concentration tests made 
Table 4 contains the details of changes m representative animals during 
the earl} postoperatne stage 

These rats show ed no signs of listlessness, emaciation or ruffled hair 
and as far as could be determined by observation, w'ere in relatively 
good condition , apparently they might have lived for from one to six 
months A number of rats shownng a marked renal insufficiency, as 



CHANUTIN-PERRIS— RENAL INSUFFICIENCY 7/7 

ludged by the concentration test, were killed at various periods shortly 
after the second operation in order to study the blood pressure changes 
and the heart and kidney weights during this stage (table S) A 
marked renal insufficiency accompanied by varying degrees of nitrogen 
retention was characteristic Renal hypertrophy was noticeable after 
the second week The degree of albuminuria did not differ appreciably 

Table 4 — Piotocol of Rats 606, 585 and 603 


Urme (24 Hour Specimen) 


Time After 
Operation, 
Days 

Weight, 

Gm 

Nonprotein 
Nitrogen, Mg 
per 100 Cc 

Hemoglobin, 
Gm per 

100 Cc 

— 

Volume, 

Cc 

Specific 
Grav itj 

Albumin^ 

6m 

Rut GOO 







0 

2 

343 



12 7 

1 0181 

0 014 

5 


127 

17 0 




0 

284 

43 

14 9 




Rat 585 







0 

340 





0 011 

1 



83 

1 0201 

S 




87 

1 0200 


70 

288 

42 




0 086 

20 



17 3 

1 0187 

31 


99 

12 8 




35 

290 

82 

10 0 




Rat G03 







0 

303 





0 014 

2 




17 4 

1 0183 

5 


127 

17 5 




13 




10 2 

1 0189 


16 

273 

50 





34 




90 

10259 

0 009 

37 


44 

11 0 




41 

318 

73 

10 2 





Notes Rut COC Tvro thirds of left Ividney rcmored on May 8, 1931, right kidney removed 
on May 13 Killed on May 22 Not sick, no pathologic changes Blood pressure 122, heart 
ratio 0180, kidney ratio 0109 

Rat 5S5 Two thirds of left kidney removed on May 8, 1951, right kidney remo\ed on 
May 18 Killed on June 24 Not sick, no pathologic changes Blood pressure 150, heart 
ratio 0 215, kidney ratio 0 213 

Bat 003 Two thirds of left kidney removed on Mu’! 8, 1931, right kidney removed on 
May 13 Killed on Juno 24 Not sick, no pathologic changes Blood pressure 118, heart 
ratio 0 210, kidney ratio 0102 


Table S — The Eaily Postoperative Stage in {Appaiently) Well, Partially 

Nephrectomized Ammals 




Dura 



Heart 

Kidney 



tion 



Weight Weight 



of 


Hemo- 





Evperi 

Ago at 

globin, 

Surface Surface 


Weight, 

ment. 

Death, 

Gm per 

Area 

Area 

Rat 

Gm 

Days 

Days 

100 Cc 

X 100 

X 100 

584 

288 

1 

238 


0 202 


509 

171 

G 

275 

14 1 

0177 


598 

146 

0 

275 

14 3 

0162 


607 

228 

9 

332 

12 0 

0 209 

0133 

606 

284 

9 

332 

14 9 

0180 

0109 

603 

2G9 

9 

332 

10 5 

0162 

OOGS 

432 

98 

10 

154 


0 202 

0 084 

307 

205 

12 

215 


0174 

0 215 

585 

299 

37 

274 

10 0 

0 215 

0 313 

587 

S29 

37 

274 

16 8 

0 208 

0 218 


Non Twenty Four Hour Urine 
protein Concentration Test 
Blood Nitro- r- * , 


Pres 

, gen. 

Vol 


Albu 

sure. 

Mg per 

ume, 

Specific 

min. 

Mm 

100 Cc 

Cc 

Gravity 

Gm 



11 0 

1 OIOS 

0 017 


119 

14 0 

10167 

0 006 



110 


102 

75 

232 

10095 

0 005 

122 

43 

12 7 

1 0181 

0 014 

112 

88 

16 3 

10132 

0 003 

147 

218 



126 


16 5 

10152 


150 

82 

17 3 

10187 

0 086 

134 

78 

11 2 

1 0246 

0 012 


Average 


0189 
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from the normal Hypertension as early as the tenth day without 
cardiac h} pcrtrophy was found in onl} one case Similar data as regards 
nitrogen retention, polyuria, low specific gravity, albuminuria and renal 
h} pcrtrophy were obtained in a number of animals excluded on account 
of pulmonarv disease 

T \nLF 6 — The Late Postopeiahve Stage in Apparently Well, Patttally Nephrec- 

tonuced Animals 


Dura Heart Kidney Non Twenty Pour Hour Urine 




tion 



Weight Weight 


protein 

Concentration Test 



of 





IBIood 



1 




E\pori 

\ec at 

globm. 

Surface Surface 

Pres 

AN 1 1,7* 

Ben, 

Vol 


Albu 


Weight, 

ment. 

Death, 

Gtn per 

Area 

Aren 

sure, 

Mg per 

ume, 

Specifl!, 

nun, 

Hat 

Gni 

Dajs 

Days 

100 Cc 

X 100 

X 100 

Mm 

100 Oc 

Cc 

Gr n ity 

Gra 

421 

202 

43 

207 

12 2 

0 247 

0 211 

172 

106 

14 8 

10121 

0 034 

52S 

200 

72 

295 

14 5 

0 203 

0178 

152 

58 

46 

1 0302 

0 006 

421 

344 

72 

310 

13 3 

0 218 

0 243 

120 

07 

94 

1 0220 

0077 

420 

ISO 

72 

319 

11 1 

0 205 

0175 

152 

39 

37 

1 0274 


0 )4 

252 

94 

220 

14 0 

0 244 

0 335 


127 

19 2 

10173 

0128 

578 

200 

93 

209 

101 

0 217 

0 325 

152 

83 

14 5 

10182 

0171 

4".', 

302 

105 

333 

10 b 

0 205 

0 300 

187 


14 3 

10222 

0 272 

'iOl 

245 

112 

191 

14 9 

0 213 

0 370 

180 

91 

13 0 

1 0247 

0 218 

501 

303 

112 

185 

113 

0 221 

0 445 

150 

100 

20 2 

10236 

0131 

503 

173 

112 

191 

12 0 

0 227 

0 349 

162 

87 

10 3 

1 0202 

0197 

403 

323 

11 ■> 

320 

12 7 

0 258 

0 502 

180 

133 

20 3 

1 0175 

0 089 

505 

ISS 

115 

192 

11 7 

0 205 

0 412 

200 

197 

12 7 

1 0203 

0149 

507 

100 

115 

192 

110 

0 228 

0 401 

196 

114 

113 

10198 

0173 

400 

350 

no 

355 

12 0 

0 238 

0 500 

196 

111 

19 0 

10190 

0148 

4'=3 

303 

122 

257 

10 7 

0 244 

0 533 

192 

121 

16 5 

10184 

0 204 

418 

107 

124 

2S4 

13 7 

0 222 

0 210 

166 

60 

74 

10219 

0 090 

414 

303 

124 

234 

12 8 

0 218 

0 212 

102 

38 

77 

1 0312 

0 003 

100 

218 

170 

238 

13 0 

0 248 

0 498 

214 

133 

13 0 

1 0203 

0161 

112 

202 

173 

223 

121 

0179 

0 277 

120 


53 

103S7 


115 

207 

173 

223 

111 

0 205 

0170 

170 

133 

112 

10183 

0 058 

114 

210 

173 

223 

14 1 

0170 

0 222 



80 

10IS9 

0 039 

no 

200 

173 

222 

15 3 

0104 

0 228 

116 

50 

20 

10513 


US 

224 

173 

223 

12 5 

0104 

0187 

118 


37 

1 0357 


103 

234 

174 

223 

13 2 

0 204 

0 220 

150 

69 

77 

1 0275 

0132 

102 

200 

174 

023 

13 9 

0 210 

0 308 

172 

103 

87 

10280 

0187 

100 

203 

174 

223 

14 0 

0179 

0 208 

124 

58 

38 

10394 


OS 

200 

180 

289 

15 5 

0 211 

0 330 

152 

96 

98 

10219 

0 003 

147 

304 

182 

395 

12 8 

0 218 

0 310 

108 

93 

no 

1 0204 

0122 

01 

225 

183 

344 

17 0 

0188 

0 222 


51 

32 

1 0390 


53 

ITS 

187 

208 

10 0 

0190 


128 

08 

20 

1 0506 


143 

272 

197 

470 

13 7 

0198 

0 223 

140 

79 

88 

10263 

0151 

GO 

303 

211 

>10 

13 2 

0 231 

0 003 

156 

112 

16 8 

1 0172 

0 033 

57 

103 

212 

28" 

11 1 

0 250 

0 380 

190 

180 

141 

10103 

0 213 

53 

172 

212 

283 

12 0 

0 249 

0 418 

186 

121 

92 

10171 

0 089 

3 

243 

213 

495 

113 

0 203 

0 417 

170 

62 

10 5 

10189 

0 007 

37 

200 

213 

525 

15 0 

0 207 

0 336 

220 

132 

14 1 

10151 

0 056 

5 

240 

210 

259 

15 0 

0 212 


ICO 

112 

113 

10231 

0136 

102 

"52 

210 

294 

12 8 

0 258 

0 610 

160 

74 

10 8 

1 0268 

0 275 

7 

"<>? 

219 

307 

14 9 

0 200 

0193 

130 

48 

90 

10202 

0 204 

104 

201 

221 

294 

13 4 

0190 

0 273 

no 

01 

79 

10251 

0114 

ICl 

207 

225 

293 

11 8 

0 310 

0 370 

230 

174 

131 

1 0206 

0 295 


\rcragc 0 221 164 


The Late Postope) atwc Stage m Appaiently Well, Paitially 
N ephi ectonuzed Animals — This group includes partially nephrecto- 
miyed rats that were killed at various intervals beginning forty-three 
da}s after the second operation (table 6) In order to eliminate the 
effects of pulmonaty disease and anemia on heart size, only those 
animals vith normal lungs and a hemoglobin of more than 11 Gm per 

25 Forman, ]\I B , and Daniels, A L Effect of Nutritional A.ncmia on the 
Size of the Heart, Proc Soc Exper Riol & Med 28 479, 1931 
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hundred cubic centimeters of blood are listed in tins group The data 
presented were obtained shortly before or at the time of death Obser- 
vations n ere made at frequent intervals on each rat so that fairly com- 
plete individual histones were available 

The nonprotem nitrogen ranged from 50 to 197 mg per hundred 
cubic centimeters, agreeing roughly with the degree of renal insuffi- 
ciency as estimated by the urinary volume and specific gravity It was 
of special interest to note the degree of nitrogen retention that could 
be reached and maintained m an individual rat without appreciable 
evidences of toxemia 

Despite the fact that the amount of kidney tissue removed was 
approximately the same in all cases, there was a marked individual 
difference in the renal function Furthermore, there seemed to be no 
lelationship between the degree of kidney hypertrophy and kidney func- 
tion Histologic study may explain this apparent discrepancy The 
specific gravity of the unne varied between 1 0121 and 1 0556 It was 
not unusual to obtain from 20 to 25 cc of urine during a concentration 
test These figures are more striking when it is remembered that the 
maximum output in the control animals was 5 4 cc In all these animals, 
the albuminuria was initially within normal limits, but after periods 
varying from one to two months a progressive increase was noted An 
albuminuria represented by 0 295 Gm of diied protein was the maxi- 
mum figure obtained Although casts eventually were found in the urine 
of all animals having a deficient kidney function, the time of their 
initial appearance could not be predicted 

The specific gravity of the blood serum Avas Avithin the normal range 
The specific gravity of the whole blood paralleled the hemoglobin values 
The carotid blood pressure readings Avere striking They varied 
from 110 to 230 mm , Avith most of them Avell above the upper limits of 
normal We found that animals AAUth marked sustained renal insuffi- 
ciency invariably shoAved high blood pressure, but that the degree of 
nitrogen retention could not be used as a criterion for the prediction of 
hypertension 

In practically all cases of h3pei tension, the ratio AAas 

increased In addition definite thickening of the left ventricular Avail 
Avas noted in many of them No other gross cardiac abnormality Avas 
seen in this group The percentage of total solids in the hypertensive 
hearts AA'-as no different from that of the controls, thus eliminating the 
possible effect of Avater on the increased AA'^eight 

The variations in hypertroph)' of the kidney AA’^ere shoAvn by the 
surface area ratios Immediately after the second operation, the kidney 
ratio Avas as Ioav as 0 075 , hypertrophj in the kidney remnant progressed 
rapidly, and in many cases its ratio exceeded the control A^alue of 0 438 
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tor both kidne 3 S The total solids in these hypertrophied kidne}s 
\ancd from 14 2 to 23 per cent, the majority being between 15 and 
21 per cent The hypertrophied kidneys had a fairly typical appearance 
The capsule \\as noticeably thickened and at times adherent The sur- 
face ^\as pale, edematous and yellowish brown Varying amounts of the 
ligated stumps remained, depending on the duration of the experiment 
Soon after the operation the stumps consisted of an encapsulated mass 

Table 7 — Piotocol of Rat 57 


Urmo (24 Hour Specimen) 

k 


Time After 


Nonprotein 

Hemoglobin, 

1 

1 


Operation, 

W eight. 

Nitrogen Mg 

Gm per 

Volume, 

Specific 

Albumin, 

Days 

Gm 

per 100 Cc 

100 Oc 

Cc 

Gravity 

Gm 

0 

103 






53 

151 

GS 





G2 

150 

93 





87 




55 

1 0200 

0 000 

103 




75 

1 029B 


111 

170 

78 





13G 




04 

1 0276 


175 

179 


13 9 




173 




12 8 

1 0158 

0 096 

201 




141 

1 01G3 

0 213 

OJO 

ICS 

ISO 

111 





Aotcs Rat 57 Female, aged 70 days Tno thirds of left kidney removed on Sept 11, 1930 
right removed on September 18 lOIled on April 17, 1931 Not sick, no pathologic changes 
Blood pre=suro 190, carotid markedly dilated and tortuous, heart ratio 0 250, total solids 22 9 per 
cent, kidney ratio 0 3S0, total solids 17 2 per cent, serum speciflo gravity 1 0200, specific gravity 
of nholo blood 1 0349, urinary sediment contained an occasional granular cast 


Table 8 — Piotocol of Rat 163 






Urine (24 Hour Specimen) 

Time After 


Nonprotem 

Hemoglobin, 

■■ 

A 


Operation, 

W'elght, 

Nitrogen, Mg 

Gm per 

Volume, 

Specific 

Albumin, 

Dais 

Gm 

per 100 Cc 

100 Cc 

Cc 

Gravity 

Gm 

0 

92 






37 




3 4 

10416 

0 005 

SG 

234 

SO 





100 




58 

1 0296 


141 




14 8 

10235 

0175 

172 

224 

114 





207 




131 

1020G 

0 295 

225 

207 

174 

118 





^otc‘! Rat 103 Female, aged 00 dajs Two thirds of left kidney removed on Oct 28, 1930 
nght removed on November 3 Killed on June 15, 1931 Not sick, no pathologic changes 
Blood pressure 230, carotid markedly dilated and tortuous, heart ratio 0 310, kidney ratio 0 370, 
urinary sediment contained manv hyaline casts 


of necrotic cheesehke material This was gradually absorbed until a 
8mall hard mass remained which in turn finally disappeared entirelj 
On section the kidney w^as pale, edematous and yellowish brown with an 
indistinct cortex 

An occasional animal had a small amount of fluid in the peritoneal 
or the pleural caiities or in both “Wet” subcutaneous tissue was 
encountered in a few rats Since these findings were so unusual in our 
experimental animals, they were not considered a part of the typical 
SI ndrome encountered in experimental kidney insufficienc) 
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Tables 7, 8 and 9 illustiate the most typical changes in individual 
animals m this group The urinary changes recorded in table 7 are most 
representative of the majorit}' of partially nephrectomized animals 
There were a gradual decrease in the specific gravity and an increase 
in the urinary volume The albuminuria became pi onounced after the 
second month The nonprotem nitrogen was elevated but not exceed- 
ingly high Table 8 shows an animal which soon after opeiatioii had 
an apparently normal kidney function, but after a few months the 


Table 9 — Piotocol of Rat 425 





Urine (24 Hour Specimen) 

Time After 

Nonprotcin 

Hemoglobin, 

/ 

1 


Operation, 

Weight, Nitrogen, Mg 

Gm per 

Volume, 

Specific 

Albumin, 

Days 

Gm per 100 Cc 

100 Cc 

Cc 

Gravity 

Gm 

0 

285 





0 



13 6 

10166 

0 012 

36 



14 8 

1 0121 

0 034 

40 

292 106 

12 2 





Notes But 425 Male, aged 214 days Two thirds of left kidney removed on Feh 2, 1931, 
right removed Tebrunry 11 Killed March 23 Animal slightly weak, no pathologic changes 
Heart ratio 0 247, kidney ratio 0 211, blood pressure 172, carotid markedly dilated and slightly 
tortuous, kidney stumps markedly atrophied 


Table 10 — Partially Nephi ectomteed Anmials Killed While vi Good Health 

Showing Model ate Anenna 


Dura Heart Kidney Non Twenty Dour Hour Urine 

tlon Weight Weight protein Concentration Test 

of Hemo Blood Nitro- , — , 



E\perl 
Weight, ment. 

Age at 
Death, 

glohin, 
Gm per 

Surface Surface 
Area Area 

Pres 

sure. 

son, 
Mg per 

Vol 

u’ne. 

Specific 

AltU 

min. 

Rat 

Gm 

Days 

Days 

100 Oc 

X 100 

X 100 

Mm 

100 Cc 

Cc 

Gravitj 

Gm 

593 

149 

40 

120 

80 

0197 

0143 

142 

179 

12 0 

10140 

0 013 

596 

108 

42 

310 

99 

0190 

0 287 

144 

89 

116 

10187 

0 009 

001 

233 

42 

207 

70 

0 222 

0187 

120 

94 

11 7 

10193 

0 053 

SOS 

213 

69 

193 

93 

0 290 

0 270 

106 

189 

16 2 

10129 

0 016 

559 

111 

72 

250 

70 

0 245 

0 236 

194 

266 

11 4 

10149 

0 022 

552 

278 

96 

244 

97 

0 258 

0 422 

170 

133 

17 5 

10106 

0112 

531 

250 

100 

250 

83 

0 216 

0 330 

134 

87 

15 8 

10195 

0147 

553 

185 

101 

283 

89 

0187 

0 213 

124 

104 

10 5 

10173 

0 056 

480 

278 

109 

208 

89 

0 219 

0 302 

156 

98 

15 3 

1 0209 

0121 

470 

262 

109 

209 

97 

0 261 

0 383 

178 

154 

22 0 

10265 

0 455 

364 

214 

115 

239 

66 

0260 

0 281 

214 

218 

14 6 

10105 

0 073 

532 

256 

123 

231 

05 

0 254 

0 430 

186 

220 

20 8 

10125 

0 043 

439 

338 

133 

272 

9 5 

0 296 

0 255 

184 

77 

15 3 

10196 

0 250 


Average 0 23S 163 


chaiacteristic “nephritic” changes in specific gravity, urinary kolume 
and albuminuria developed The animal in table 9 was chosen to illus- 
trate a continued high urinary volume and a low specific gravity from 
the time of the second operation In this case there was hypertension 
without marked albuminuria 

The Late Postope) ative Stage in Partially Nepluectonused Animals 
with Anemia ~PB.ih3.lly nephrectomized animals killed while in good 
health but showing a moderate anemia are grouped m table 10 The 
outstanding difference between this and the preceding group is the large 
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^olume of urine with uniformly low specific gravity Despite the anemia 
there seemed to be a fairly good correlation between the blood pressure 
and the heart ratio It should be pointed out that the degree of anemia 
was not so great as noted in cases of nutritional anemia An occa- 
sional rat showed poor renal function without hypertension or cardiac 
h}pertrophy The tremendous albuminuria noted m some of the 
partially nephrectomized animals is worthy of mention Rat 479 
excreted 0 455 Gm of protein m twenty-four hours, which repre- 
sents about one-half its total circulating plasma protein The absence 


Table 11 — Partially Ncpln cctoimacd Ammals Living Less Than Foify Days and 

Killed While Acutely III 






Heart 

Kidney 


Non 

24 Hour Urine 




Dura 


Weight 

Weight 


protein 

Concentration 




tion of 




Blood 

Nitro 

Test 




E\peri 

Age at 

Surfaee 

Surface 

Pres 

gen, , 



Degree 


V eight, 

ment 

Death, 

Area 

Area 

sure, 

Mg per Volume, 

Specific 

of 

Rnt 

Gm 

Dajs 

Dajs 

X 100 

X 100 

Mm 

100 Cc 

Cc 

Gravity 

Illness 


173 

3 

170 

0108 

0 058 

104 

250 



4+ 

sso 

227 

3 

105 

0 200 

0 097 

lOS 

308 



4+ 

3S7 

240 

3 

109 

0194 

0 004 

120 

320 



4+ 

3S0 

23S 

3 

241 

0172 

0 093 

90 

111 



4+ 

3S1 

239 

3 

219 

0193 

0 007 

138 

207 



4+ 


147 

3 

122 

0190 

0 087 

no 

304 



4+ 

303 

133 

5 

151 

0 208 

0 091 

no 

445 



4+ 

301 

ICl 

5 

151 

0194 

0123 

100 

325 



4+ 

401 

233 

7 

141 

0 210 

0121 

90 

220 



3+ 

400 

17G 

7 

141 

0 214 

0 092 

94 

454 



4+ 

103 

103 

7 

279 

0 220 

0 093 

94 

348 



4+ 

427 

151 

S 

234 

0100 

0 003 

90 

270 



3+ 

33S 

273 

10 

343 

0 223 

0114 

no 

348 



3+ 

303 

1S3 

12 

215 

0172 

0149 

80 

250 

17 0 

10135 

4+ 

300 

207 

12 

215 

0108 

0121 

no 

210 

14 8 

1 0150 

3+ 

3)1 

1 )3 

18 

103 

0 205 

0114 

^2 

410 



4+ 

439 

ISO 

19 

270 

0187 

0125 

90 

370 

14 7 

1 0128 

3+ 

317 

loo 

32 

220 

0182 

0151 

no 


10 0 

1 0144 

2+ 

•\vernge 



0193 

0101 

103 

310 





of any correlation between blood pressure and nitrogen retention is 
again emphasized in this group 

Pailially NcpJii ccioniizcd Ammals Killed While III — ^Animals 
included in this group were killed because of their poor condition and 
imminent death The signs 1 to 4 -j- m ere used as a rough method of 
indicating the degree of illness of a rat A 4 animal was practically 
moribund at the time it v as killed The 3 -f- and 2 -f- animals probably 
could not have surMved more than from twentj-four to forty-eight 
hours The 1 -f- animals were in fairly good condition, but showed 
ruffled hair and an acute loss of weight 

Pailially Ncplucctomized Ammals Acutely III — ^All rats living less 
than forh da}s haAC been included in this group (table 11) The heart 
ratios vere practicallv normal despite the fact that most of these animals 
lost beh\ een 40 and 50 per cent of their body v eight The results were 
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only approximate since the surface area formula used was not intended 
for animals showing acute loss in body weight The kidney ratios were 
relatively low when compared to those of well animals killed during this 
same period Obviously too much kidney tissue had been removed The 
blood pressures were markedly lowered, but were comparatively high 
considering the moribund condition of the rats This seemed to be 
characteristic of all the animals suffering from acute cachexia The 
nonprotem nitrogen in this group represented the highest degree of 

Table 12 — Partially Nephi ectoimzed Animals Becoming III Aftei Foi ty Days 


Dura Heart Kidney Non 24 Hour Urine 
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nitrogen retention encountered m our experiments When concentration 
tests were done, marked polyuria and low specific gravity resulted 

Pa? hally N ephi ectonuzed Aminals Becoim?ig III After Foi ty Days — 
Data for these animals are listed m table 12 After maintaining or 
increasing their weights for various lengths of time, they generally 
showed a marked and rapid loss of weight During the terminal stage 
these rats became sluggish, with ruffling of their hair and rapid respira- 
tion Muscular tremors were usually present, and occasional convulsions 
were seen Partial paralysis of the hind legs was observed in a few 
animals The same syndiome was noted in many of the “acutely ill” 
animals already discussed 

The nonprotein nitrogen was uniformly elevated but showed wide 
variations The urinary volumes and specific gravities indicated a 
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consistently low lenal function The blood pressures were extremely 
variable The heart ratio was uniformly well above normal, and the 
carotid arteries v ere invariably dilated , these two findings, in our expen- 
ence with less affected rats, were characteristic of hypertension There- 
fore, we think that all of the animals in tins group would have shown 
hypertension at some time had repeated blood pressure observations 
been possible during the postoperative period We believe that the low 
blood pressures were explicable on the basis of the imminency of death 
It must be pointed out that many of these rats lost a great deal of weight 
during the terminal period, thus causing our surface area measurements 
to be merely approximate However, a comparison with the heart ratios 
in table 11 leaves no doubt concerning the question of cardiac hyper- 
trophy 

COMMENT AND CONCLUSIONS 

The variations in the minimum quantities of kidney tissue needed 
by various species are of interest It appears from work done by 
previous investigators that dogs die if more than three fourths of the 
kidney tissue is removed -® The goat apparentl}'’ lives in good health 
with but one fifth of one kidney^’- The rabbit seems incapable of sur- 
viving if more than from 60 to 70 per cent of the renal tissue is excised 
The removal of three fourths of the kidney substance in the cat is 
followed Tiy death ivithin a relatively short time ^ Rats with one half of 
one kidney have a normal kidney function, but a sixth of the total 
kidney tissue, in oui experience, is the minimum compatible with life 

Our results are in accord wnth those of Passler and Heinecke,® who 
observed that ischemic kidney tissue disappeared and that it had no 
relation to elevation of the blood pressure Although Cash ® concluded 
that the preliminar}^ rise of blood pressure in the dog shortly after 
partial nephrectomy was dependent on the presence of neciotic tissue, 
in our work the h)fpertension appearing after an appreciable interval 
■was not affected by the removal or retention of the ligated tissue 

Impaiied renal function, characterized by polyuria and nitrogen 
retention, was encountered in the majority of partially nephrectomized 
rats shortly after the second operation The degree of polyuna in 
animals showing no indication of increased blood pressure was often 
as great as that encountered in hypertensive rats Hence it was thought 
that the increased flow of unne of low' specific gravity was not solely 
dependent on the presence of hypertension The polyuria, so striking in 
a number of animals immediately after the second operation, was, in 
the absence of hvpertension, probably due to an increased permeability 

26 Bradford (footnote 2) Passler and Heinecke (footnote 3) Allen, Scharf 
and Lundin (footnote 11) 
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of the glomerulus When pathologic changes in the renal tissue (as 
judged by the increases in albuminuria, polyuria and nonprotem nitrogen 
m the apparently well animal) became obvious, an increase in the blood 
pressure was geneially noted (table 6) The assumption seems 
warranted that in partially nephrectomized rats with renal insufficienc}'-, 
an increase in blood pressure is necessary to maintain an increased 
volume of unne in order to excrete metabolites in lower concentration 
Apparently this compensating mechanism fails when there is excessive 
damage to the remaining renal parenchyma (table 12), just as it fails 
when too much renal tissue is removed (table 4) Our evidence indi- 
cates that the polyuria m the partially nephrectomized rat, reaching the 
stage of chronic renal insufficiency, depends to a great extent on an 
increased blood pressure 

On the basis of perfusion experiments and theoretical consideration, 
Verney postulated as follows ‘Tn the whole animal, therefore, it 
would not be surprising to find that when this second reserve of the 
kidney was exhausted and all the renal units were receiving the maxi- 
mum stimulus which under the circumstances could be given them, and 
yet were unable to cope with the work thrust upon them there should 
be a call for external aid in the form of a rise in the general blood 
pressure ” This idea is certainly supported by our experimental data 

Nitrogen retention, although to a varying degree, characterized the 
results obtained in partially nephrectomized rats in this senes The 
highest nonprotem nitiogen invariably occurred m animals becoming 
ill shortly after the second operation , a value of 454 mg was obtained 
in one case The average results were higher than those seen m the 
completely nephrectomized rat This difference can probably bt 
explained on the basis of a greater duration of time for the accumulation 
of metabolites in the partially nephrectomized rat A marked increase 
in nitrogen retention was invariably indicative of the terminal stage 
However, the severity of the illness was not m all cases comparable to 
the degree of nitrogen retention, since many moribund animals showed 
comparatively low concentiations of nonprotem nitrogen Furthermore, 
a chronic moderate elevation of the nonprotem nitrogen had no demon- 
strable effect on the general health of the animal 

Passler and Hemecke ® stressed their failure to obtain hypertension 
in dogs becoming cachectic shoitly after or during the course of their 
repeated operations The necessity of good health was emphasized as a 
factor in the development of a high blood pressure Our findings 

27 Verney, E B Polyuria in Chronic Nephritis, Lancet 1 751, 1929 

28 Chanutin, A , and Silvette, H A Study of Creatine Metabolism in the 
Nephrectomized White Rat, J Biol Chem 85 179, 1929 
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verify these conclusions In our experiments, those animals losing 
weight and developing marked evidences of “uremia” showed definitely 
lower blood pressmes than the controls (table 11) 

It has been pointed out that but two groups of investigators have 
been able to produce hypertension associated with cardiac hypertrophy 
as a result of partial nephrectom}'^ The data in table 6 have been used 

to show the relationship between hypertension and the area 
(see the accompanying chart) A statistical analysis of these data by 



Relationship between hypertension and the g°^j[^c7a‘rea ^ 


the use of the Pearson product-moment formula yielded a correlation 
coefficient (r) of 0 86 ±; 0 028 This means that there is a high positive 

relationship between the and blood pressure Such a 

finding must lead to the conclusion that in these experiments cardiac 
htpertrophy is a constant and proportional accompaniment of hyper- 
tension As far as w e know, this is the first experimental demonstration 
of such a relationship We believe that the hypertension and cardiac 
Inpertrophy obtained in these experiments are definitely dependent on 
the renal insufficiency produced b)>- partial nephrectomy 


30 Passler and Heinecke (footnote 3) Mark and Geisendorfer (footnote 12a) 
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SUMMARY 

By reducing kidney tissue to a minimum compatible with life, 
chronic renal insufficiency has been reproduced with constancy in a 
sufficient number of rats The striking features of this study were the 
progressive development of polyuria, albuminuria, nitrogen retention, 
renal hypertrophy, hypertension and cardiac hypertrophy Edema did 
not appear, the specific gravity of the serum was constant, and there vas 
a tendency toward a moderate anemia 



ACUTE BACTERIAL ENDOCARDITIS DUE TO 
BACTERIUM ACIDI-LACTICI 

LEWIS DICKAR, MD 

NEW \ORK 

While bacteiial endocarditis is common, endocarditis due to Bac- 
terium acidi-lactici appears to be unique , at least. I have found no other 
case in the literature W inslow ^ considered this micro-organism to be 
a separate species in the Bact coh group, although Topley and Wilson - 
regarded it as one of the varieties of Bact coh Ford ® placed it m the 
Bact mucosum-capsulatum group, and suggested for it the name Bact 
duodenale 

It was first described by Hueppe in 1884 It resembles the other 
bacilli of the colon group It is gram-negative, nonmotile and non- 
sporulatmg It forms indole reduces nitrates, coagulates milk and does 
not liquefy gelatin It is found in milk, water and the intestinal tract of 
man It is distinguished from other types of Bact coh, from Bact 
lactis-aerogenes, and from Friedlander’s bacillus by its characteristic 
sugar fermentations It ferments dextrose, lactose, adonite and mannite, 
but does not ferment saccharose, dulcite, salicin, inosite, raffinose, xylose 
or muhn It does not produce so much gas as Bacillus lactis-aerogenes ° 
At the Presbyterian Hospital it is routinely differentiated from the other 
organisms in the group b)'’ its lack of power to ferment saccharose and 
salicin 

The only example of infection with Bact acidi-Iactici found m the 
available literature was reported by Ray ® in 1923 a case of meningitis 
in which the micro-organism was isolated from the blood and spinal 
fluid It IS possible that Bact acidi-lactici infections in man may have 
been reported among the cases of Bact coh sepsis Ray attributed this 

Submitted for publication, Aug 4, 1931 

From the Department of Pathology, College of Physicians and Surgeons, 
Columbia University 
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to the use of impure carbohydrate in making the fermentation tests 
and to the fact that the micro-organisms occasionally lose their original 
fermentative powers when cultured 

Several cases of endocarditis due to Bact coli have been reported 
(Lenhartz,® Horder,'^ Norris,® Jochmann,® Summe,^® Jacob 

It IS a strange coincidence that two cases of endocarditis due to 
Bact acidi-lactici should have occurred in the Presbyterian Hospital 
within a short time of each other 

Case 1 — ^The patient, R B , was admitted on Nov 8, 1930, to the genito- 
urinary service of Dr Squier, Dr George Cahill attending His complaints were 

frequency of micturition and nocturia His family histor}’- was not important The 
only previous illness of interest was a mastoiditis with operation two and one-half 
years before The mastoid had to be reopened in two weeks, but it healed well 
with no evidence of residual infection His present illness began abruptly, two 
days before admission, with marked frequency of urination, nocturia and fever 
The temperature was 102 F, the pulse rate 96, respirations 20 and blood pressure 
144 systolic and 60 diastolic The patient was an elderly, obese man, acutely ill 
The chest and abdomen were normal on examination The heart sounds were of 
fair quality, and no murmurs were heard The prostate was prominent, soft and 
tender There was slight hematuria after the rectal examination 
The following laboratory observations were made 

Blood Count 


Nov 12 
Nov 19 
Dec 1 
Dee 10 


Polymorpho- 

nuclears. 

Red Blood Cells White Blood Cells per Cent 


3,700.000 

10,000 

3,400,000 

27,850 

3,450,000 

15,000 

3,000,000 

26,400 


85 

92 

91 

89 


Urinalysis showed cloudy, acid urine, specific gravity, 1016, albumin, ++, 
diacetic acid, , many red blood corpuscles and white blood corpuscles The 

blood urea content was 44 1 mg per hundred cubic centimeters , the carbon dioxide 
content, 71 per cent by volume 

6 Lenhartz, H Die septischen Erkrankungen, Vienna, A Holder, 1903 

7 Horder, T J Infective Endocarditis with an Analysis of 150 Cases with 
Special Reference to the Chronic Form of the Disease, Quart J Med 2 289, 1909 

8 Norris, G W Studies in Cardiac Pathology, Philadelphia, W B Saunders 
Company, 1911, p 26 

9 Jochmann, G Ueber Endocarditis septica, Berl klin Wchnschr 49 436 

1912 

10 Summe, quoted by Kraus, F , and Brugsch, T Spezielle Pathologic und 
Therapie innerer Krankheiten, Berlin, Urban & Schwarzenberg, 1913, vol 2, pt 2, 
p 1164 

11 Jacob, L Ueber Allgemeininfektion durch Bacterium coli commune, 
Deutsches Arch f klin Med 97 303, 1909 

12 This case was the subject of a paper read before the New York Pathological 
Society m April, 1931 
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The parent’s temperature rose to 106 F on November 10 On November IS, 
an external urethrotomj’’ with incision and drainage of the prostatic abscess was 
performed Several drachms of pus were removed No culture was taken The 
patient was irrational but had no signs of increased intracranial pressure or 
meningeal irritation A blood culture on November 17 was positive, a gram- 
negative bacillus was isolated which was later identified as Bact acidi-lactici A 
blood culture on November 26 was sterile On November 29 the temperature 
indicated sepsis A blood culture on December 2 was positive , the micro-organism 
was reported to be a bacillus in the Fnedlander group, but not a true B mucosus- 
capsulatus On December 3 a physical examination revealed dulness at the base 
of the right lung, with rales in the base of the left lung On December 4, broncho- 
vesicular breathing was present in the left side in addition to the rales A loud 
systolic and a soft diastolic murmur was heard for the first time The lung signs 
continued changing from day to day On December 7, petechiae were found m 
the left conjunctiva, and the fingers on the right hand were painful The murmurs 
were more pronounced At this time the diagnosis of bacterial endocarditis was 
made, although the micro-organism obtained in blood cultures was not as yet 
accurately identified Petechiae appeared elsewhere, in addition, the right wrist 
became painful and swollen On December 10 the patient was slightly irrational 
On December 11 he was exceedingly irrational and developed meningismus in the 
afternoon That evening he suddenly became livid, and his pulse rate dropped to 
48 He died thirty-five days after admission and twenty-seven days after the opera- 
tion The clinical diagnoses were subacute bacterial endocarditis, due to Bact 
acidi-lactici, and abscess of the prostate 

Autopsy — Autopsy was performed nine and a half hours post mortem There 
w^ere many petechiae m both conjunctivae and in the skin of the trunk and upper 
extremities The perineal incision was clean and not draining The most striking 
observations were on the heart, although most of the other organs showed changes 

The heart weighed 500 Gm The auricles were covered with thick, gray, firmly 
adherent membrane The right auricle was normal The tricuspid valve was thin 
and delicate At the base of the septal leaflet was a nodule about 0 5 cm in 
diameter On section an abscess was found m the wall of the auricle, sur- 
rounded by a hemorrhagic area This extended to the base of the valve The 
right ventricle was dilated and hypertrophied The pulmonic valve was normal In 
the left auricle there was an elevated hemorrhagic area in the fossa ovahs The 
mitral valve was slightly thickened at the line of closure Several small hemor- 
rhagic areas were present in the base of the valve A hemorrhagic area, about 
3 mm in diameter, was present in the posterior papillary muscle The left ven- 
tricle was hypertrophied and dilated The aortic valve leaflets were covered with 
^egetatlons which were soft, crumbly and pale yellow The largest vegetation 
w'as 2 5 cm m length and 1 5 cm m thickness, and entirely covered the right 
posterior leaflet This leaflet was ulcerated, leaving an opening about 2 mm in 
diameter Extending from this were small masses growing down over the endo- 
cardium of the left ventricle and the aortic leaflet of the mitral valve, and to the 
base of the tricuspid valve through the muscle The areas to which the vegetations 
were adherent were hemorrhagic The myocardium was firm, with no visible 
fibrosis The coronary arteries were mildly sclerotic 

The aorta was moderately sclerotic 

The lungs were voluminous and covered with smooth pleura Each weighed 
840 Gm They were crepitant throughout 
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The spleen was enlarged and soft On section the pulp bulged over the capsule 
The liver was normal 

The gallbladder was large and filled with thick greenish-black bile Two stones, 
each about 1 5 cm in diameter, were present The gall bladder wall was thickened 
The pancreas and suprarenals were normal 

The kidneys each w^eighed 260 Gm The capsule of the right kidney stripped 
easily, leaving a very finely granular surface, which was pale yellowish-green 
with many small light yellow areas On section the color was yellowish brown 
The cortex was 8 mm m thickness Small abscess cavities filled with yellowish pus 
were present Many tubules were seen in the pyramids as yellowish stripes 
The left kidney had a more granular surface The color was yellowish-brown with 



Fig 1 — Acute bacterial endocarditis of the aortic valve (Bact acidi-lactici) 

small elevated yellowish areas On section the color was pale reddish brown 
The cortex was thin, measuring 5 mm m thickness Red longitudinal stripes were 
present The pyramids were made up of alternate stripes of red and yellow In 
them were several large abscess cavities up to 1 5 cm in diameter, filled with pus 
The bladder was thick-walled The prostate ^\as firm and asymmetric, and not 
enlarged The left side was larger The capsule was indistinct and merged with 
the periprostatic tissue Many small pus-filled abscesses were present The seminal 
vesicles and testes showed no changes The gastro-intestinal tract was normal 
The brain weighed 1,450 Gm Externally there was a hemorrhagic area on 
the parietal lobe of the right cerebral hemisphere close to the midline On section 
many small pale red areas were found scattered through the cerebral hemispheres, 
internal capsules, cerebellar hemispheres and medulla The spinal cord was not 
removed 
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Bact acidi-lactici was obtained in pure culture from the heart’s blood 
Microscopic Examination Sections of the heart, kidney and prostate showed 
tlie most marked changes 

In the myocardium were areas of pob morphonuclear infiltration and atrophy 
Bacterial plugs filled many of the blood ^essels These were made up of short, 
plump rods which stained deep blue in the hematox 5 ’'lin and cosin and methylthionine 
chloride, U S P (methylene blue), sections and red in the Gram stains In a 
section of the posterior papillarj’^ muscle atrophied muscle fibers were found in the 
polymorphonuclear-infiltrated reticulum Hyaline material replaced part of the 
myocardium Necrotic muscle fibers were present m these masses A section of 
the myocardium taken from a point near the aortic valve showed thickening of the 
endocardium and subendocardial lajers Part of these structures were infiltrated 



Fig 2 — Photomicrograph, taken with the oil-immersion lens, of the vegetation 
on the aortic valve Bacterial colonies, composed of large gram-negative bacilli, 
are seen 


with red blood cells and polymorphonuclear leukocytes, and then were replaced bj 
a mass of fibrin containing many pol j morphonuclear leukocytes, bacilli and necrotic 
debris The necrosis extended into the mj'ocardium, with the formation of an 
abscess The muscle fibers around this area were necrotic and disintegrated A 
methylthionine chloride section showed the presence of manj bacilli 

The entire aortic valve leaflet taken for microscopic study was necrotic The 
surface was covered with vegetations containing large masses of bacteria, poly- 
morphonuclear leukocjtes and nuclear debris The micro-organism was found to 
be a gram-negative bacillus 

The aorta show'cd the changes of moderate arteriosclerosis 
The lung sections were normal 
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In the liver sections, many polymorphonuclear leukocytes were found which w-ere 
most numerous in the periportal fields In many areas masses of bacteria were 
also present 

The gallbladder was thick-walled The submucous layer was congested and 
infiltrated with plasma cells 

In the pancreas the polymorphonuclear leukocytes were increased in number in 
a few areas where the acini were shrunken or disintegrated 

The amount of lipoid material m the cortex of the suprarenals was diminished 
Blue-staining bacterial plugs were found in several blood vessels 

Several sections of the kidney examined contained abscess cavities of v^arying 
sizes m the cortex and medulla Areas of round cell infiltration were present 
Bacterial plugs were found in several glomerular tufts Bacilli could be seen 
throughout the section in the methylthionme chloride preparation 



Fig 3 — Photomicrograph, taken with the low' power objective, of abscess in the 
myocardium of the interventricular septum There is a dense infiltration of poly- 
morphonuclear leukocytes and destruction of the muscle fibers 

The prostate showed variations in the size of the acini, which contained 
desquamated cells and debris In a few, necrotic material and polymorphonuclear 
leukocytes were found The stroma was infiltrated with round cells A portion of 
the bladder which was present was infiltrated with round cells In another section 
the prostatic tissue had undergone necrosis Many polymorphonuclear leukocytes 
and necrotic debris were found in these areas Dense round and plasma cell infil- 
trations were present in the stroma Many bacilli were seen in the abscesses in the 
methylthionme chloride sections 

The tubules of the testes had thickened basement membranes Several blood 
vessels were present whose walls and surrounding tissue were infiltrated with poly- 
morphonuclear leukocytes and round and plasma cells 

The pituitary gland was normal Several sections of the cerebrum were 
examined In one localized area the meninges were infiltrated with many poly- 
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morphonuclear leukocjtes and round cells Bacterial plugs occluded several blood 
^essels in the substance of the cerebrum About these vessels were found poly- 
morphonuclear leukocytes and round cells, which for the most part were sharply 
perivascular , in onl}" one area was the brain itself inv oh ed In the basal ganglions 
and cerebellum were found areas of slight perivascular infiltration of round cells 

The anatomic diagnosis was chronic and acute prostatitis, abscess of the 
prostate (external urethrotomj'- , perineal incision and drainage of prostatic abcess) , 
cystitis cystica, acute bacterial endocarditis (Bact acidi-lactici) of the aortic 
valve, with extension to the mitral and tricuspid valves, bacteremia (Bact acidi- 
lactici) with metastases in the mjocardium, pancreas, liver, kidneys, testes, brain 
and leptomeninges , acute splenic tumor , chronic cholecystitis, and cholelithiasis, 
with calculi in the gallbladder 

Case 2 — The patient, E F , was admitted on Maj’^ 10, 1931, to the genito- 
urinary service. Dr J B Squier attending Her complaints were chills, fever and 
nausea About eighteen months before admission she had an attack which resembled 
the present one Seven weeks before admission she had mild urinary symptoms 
accompanied by a low grade pyrexia She apparently recovered completely in 
four weeks For a period of two weeks she was well and able to get about About 
six days before admission there occurred a relapse She began to have daily chills 
and a rise of temperature to 105 F She had nausea and some loss of weight, but 
no other gastro-intestmal or gallbladder symptoms There was no pain during this 
time Her urinary symptoms were very mild There was no frequency, dysuria or 
hematuria Because of the nausea her water intake was small She was incon- 
tinent and irrational the day before admission The temperature was 101 5 F , the 
pulse rate 128, respirations 28 and the blood pressure 154 systolic and 76 diastolic 
She was a woman 63 years old who appeared acutely ill and restless but rational 
Bronchial rales and slight changes in the breath sounds were noted in the lung 
examination Examination of the heart revealed that it was overactive and 
enlarged, the sounds were clear A loud systolic murmur was heard at the apex, 
which was transmitted to the precordium and axilla Both kidneys were palpable , 
the right was larger and movable 

The following laboratory observations were made The blood count showed 
red cells 4,050,000, hemoglobin 90 per cent, white cells 36,000 and polymorpho- 
nuclear leukocytes 92 per cent Urinalysis revealed albumin -|- and sugar -|- 
(once m four examinations), many white blood corpuscles and a few red blood 
corpuscles A blood culture showed Bact acidi-lactici A roentgenogram revealed 
an enlarged heart 

The patient had daily chills followed by a marked rise m temperature On 
May 10, the peak was 103 F On May 11 there were two episodes The peaks 
were 104 and 106 F On May 12, the temperature reached 104 5 F A physical 
examination rev^ealed that the heart was slightly larger than on admission, with 
a marked heaving apical impulse A systolic murmur replaced the final sound 
The blood culture showed several hundred colonies of Bact acidi-lactici on the 
plate Petechiae were observed for the first time On May 13, the temperature 
reached 105 F after a severe chill This vv'as followed by profuse diaphoresis and 
coma Several new petechiae appeared Signs of bronchopneumonia were noted 
in the right upper and left lower lobes The pulse rate and temperature continued 
increasing, the latter reaching 107 F at the time of exitus 

Autopsy — The body was that of a rather obese white woman A fading petechia 
was seen in the left conjunctival sac The heart weighed 350 Gm A large milky 
plaque vv as present ov er the anterior surface at the base of the right ventricle The 
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right auricle was slightly dilated The tricuspid leaflets were slightlj thickenea 
near the free margin The right ventricle was normal, as were the pulmomc 
leaflets The left auricle was slightly dilated The mitral leaflets presented se\ eral 
areas of thickening near the free margin, but Avere competent The papillarA 
muscles were pale The left ventricle was slightly dilated On the right anterior 
leaflet of the aortic valve was an irregular grayish-red \egetation measuring about 
1 cm in its longest diameter It felt fairly firm and projected tow^ard the Acn- 
tricular cavity The other tAA'^o leaflets of the aortic A’-alve AACre normal The 
myocardium felt fairly soft The coronary vessels shoAved numerous grayish-y elloA\ 
subintimal thickenings The aorta shoAved changes of moderate arteriosclerosis 
In the lungs, a feAV firm areas Avere felt in the loAver lobes , otherAvise they Avere 
normal The spleen Avas soft, and on section the pulp overfloAved the cut surface 
The malpighian corpuscles AA^ere not distinct The liver had a distinct yelloAvish 
tinge The lobulations Avere distinct m some areas and obscure in others The 
gallbladder Avas considerably distended, and Avas filled Avith about 35 cc of pale 
greenish-broAvn turbid fluid Avhich Avas not viscous Within the gallbladder Avere 
four small faceted stones measuring about 1 cm in their longest diameter A 
similar stone Avas found in the cystic duct The hepatic and common bile ducts 
Avere patent The mucosa of the gallbladder over large areas AA'as gangrenous and 
necrotic, and in parts separated from the underlying muscular Avail To the 
external surface of the fundus of the gallbladder the second portion of the duodenum 
Avas firmly adherent The pancreas Avas normal The surface of the kidneys Avas 
fairly smooth Several depressed, irregular scars Avere present The surface AA'as 
yellowish gray On the left kidney Avas an irregular reddish area about 1 cm 
in diameter On section, this extended into the cortex for about 8 mm and Avas 
surrounded by a red zone, 2 mm thick OtherAvise the cortex and medulla of 
both kidneys were normal The pelvis and ureters Avere slightly injected The 
bladder and genital organs Avere normal There Avere numerous small punctate 
hemorrhages beneath the mucosa of the stomach The duodenum AA'^as firmly 
adherent to the gallbladder The remainder of the intestinal tract AA'as normal 
The brain and spinal cord Avere not removed Bacteriologic Report Bact acidi- 
lactici Avas isolated from the heart’s blood and Bact acidi-lactici and Bact coli Avere 
isolated from the gallbladder 

Microscopic Examination The my'^ocardium shoAved no changes On the 
aortic A^alve was a large, irregular vegetation, consisting mostly of pmkish-staining, 
irregular strands of fibrin On the surface AA-^ere large masses of blue-staining 
bacteria Near the surface betAveen the fibrinous strands Avere dense accumulations 
of poorly preserved erythrocytes and masses of polymorphonuclear leukocydes The 
ground substance of the valve Avas slightly edematous and densely infiltrated Avith 
polymorphonuclear leukocytes Near the tip of the valve Avas a small isolated Aege- 
tation consisting of closely packed, blue-staining bacteria At the base of the Aahe 
Avere found rather large, irregular masses of bacteria, and poly^morphonuclear cells 
The inflammatory reaction extended for only a short distance along the a entncular 
endocardium as Avell as the aortic intima At the base of the aorta, the intima Avas 
markedly thickened and stained palely, containing only a few nuclei The remainder 
of the Avail consisted of rather dense collagenous fibers, slightly separated from each 
other BetAveen them Avere a feAV spindle-shaped nuclei A section stained by 
Gram’s method shoAved many short, plump, pink-staming rods In the aorta Avere 
found changes of moderate arteriosclerosis No exudate AAas found in the aUeoli 
of the lungs In one area AA'ere several large masses of closely packed bacteria 
Some of the alveolar Avails were densely infiltered Avith polymorphonuclear cells 
The malpighian corpuscles of the spleen were small The pulp contained a large 
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number of red blood cells, small mononuclears and a moderate number of polj- 
morphonuclear cells Bacterial colonies were also seen The liver cells were large 
and stained poorly Many small and large fat droplets were seen within them, 
throughout the lobule At one point beneath the capsule were several large masses 
of densely packed bacteria The liver cells about these masses were small and 
irregular, and stained poorly There was, however, no polymorphonuclear reaction 
The pancreas and suprarenals were normal In the latter in a group of small 
lessels were found closely packed masses of bacteria In the kidney, numerous 
glomeruli were completel}' hyalinized The capsules of some of the glomeruli were 
thickened The cells of the tubules were large, and stained palely Between the 
tubules, numerous mononuclear cells were seen In one of the collecting tubules 
was a large mass of bacteria The interstitial tissue near it was densely infiltrated 
with small mononuclear cells At one point there was rather extensive hemorrhage 
with necrosis of the tubules in the adjacent areas In one section, a rather large 
infarct was present At one point were several masses of bacteria surrounded by a 
collection of polymorphonuclear cells The tubules in the adjacent areas appeared 
necrotic, and were separated from each other by edema and hemorrhage The 
sections of the pelvic organs were normal The section of the duodenum and gall- 
bladder showed that the epithelial lining of the duodenum was missing Brunner’s 
glands were normal The lymphatic vessels of the submucosa were distended, and 
within the muscular coats were numerous large collections of small lymphocytes 
Binding the wall of the duodenum to the external wall of the gallbladder was a 
very dense band of connective tissue In the latter were numerous lymphatics 
dilated with plugs of bacteria Within it also were several accumulations of small 
mononuclear cells The muscle layers of the gallbladder were separated by edema- 
tous newly formed connective tissue as well as by an infiltration of small mono- 
nuclear cells The submucosa of the gallbladder was slightly edematous At some 
points there was extensiv'e hemorrhage, edema and necrosis of tissue The lining 
epithelial cells were not present 

The anatomic diagnosis was cholelithiasis, with calculi in the gallbladder and 
cj Stic duct , acute gangrenous cholecystitis (Bact acidi-lactici) , acute endocarditis 
of the aortic valve (Bact acidi-lactici) , bacteremia (Bact acidi-lactici) , infarct of 
the left kidnej , acute splenic tumor , a fatty liver, and fibrous peritoneal adhesions 

COMMENT 

Jacob,^^ in his nine cases of Bact coli sepsis, found the original 
focus to be in the biliary passages, the urinary tract, the gastro-intestinal 
tract or the female genital tract In forty-nine cases, Brian found 
the biliary tract to be the focus in sixteen instances, the urinary tract 
in thirteen, the intestinal tract in twelve, and the female genital tract 
in nine Felt}'^ and Keefer reported the urinary tract to be the portal 
of entry in sixteen cases of twenty-eight, twelve of these occurred in 
males They had no case originating in the biliary tract They also 

13 Brian, O Ueber Allgemeininfektion durch Bacterium coli commune (Coh- 
sepsis), Deutsches Arch f klm Med 106 379, 1912 

14 Feltj, A R, and Keefer, C S Bacillus Coli Sepsis Clinical Study of 
Twenty-Eight Cases of Blood Stream Infection by Colon Bacillus, JAMA 
82 1430 (May 3) 1924 
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found that the colon bacillus does not tend to invade the blood spon- 
taneously, but usually follows cystoscopy or surgical trauma This 
happened in twenty of the twenty-eight cases When sepsis occurs, the 
local lesion is usually extensive Libman stated that ''acute bacterial 
endocarditis arises secondarily to active purulent foci ” In his experi- 
ence, the colon bacillus enteis the blood by way of the genito-urmary 
tract, uterus or gallbladdei The bacteremia or pyelonephritis due 
to Bact coll or Bact mucosum-capsulatum follows genito-urmary 
manipulation 

The original focus of infection m case 1 was most probably the 
prostate gland The biliary tract can be safely luled out as the original 
source, since the lesions in the gallbladder were chronic in character, and 
there were no active lesions The focus in the second case, however, 
was definitely in the gallbladdei The points of similarity between these 
cases and those of Bact coh sepsis can be brought out by comparison 

In the first case, the patient showed no signs of heart involvement 
wdien he entered the hospital Following the opening of the abscess 
there was invasion of the blood stream by the oiganism since the blood 
culture showed the presence of a gram-negative bacillus two days later 
The highest leukocyte count was obtained at this time His temperature 
began to drop after this, and nine days later the blood culture was sterile 
His temperature then indicated renewal of the sepsis, and a heart mur- 
mur was heard wFicli became louder from day to day The blood cul- 
ture again showed the presence of Bact acidi-lactici This may well 
be interpreted as indicating the im^asion of the blood following surgical 
trauma, with localization of the bacilli on the aortic valve leaflets 

Repeated blood cultuies aftei this showed the presence of Bact 
acidi-lactici The final changes w^ere due to detachment of tiny bits of 
vegetation which gave rise to the petechiae in the skin, the mihar}'^ 
purulent foci in the visceia and the bacterial plugs in the vessels The 
second peak of leukoc 3 ^tosis was obtained at this time 

In the second case, the focus was undoubtedly in the gallbladder 
Though the history is inadequate, the "attack” that was described as 
occurring eighteen months before admission might w^ell have been one 
of acute cholecystitis, superimposed on chionic cholecystitis with stone 
formation The causative organism is not knowm This acute attack 
subsided and healed, with the formation of adhesions between the gall- 
bladder and duodenum Another acute attack occurred shortly before 
admission The causative organism again is not known It is possible 
that the Bact acidi-lactici reached the gallbladder from the loop of 
duodenum which was adherent, or that it was the primary cause of the 
infection The establishment of a purulent focus in the gallbladder was 

15 Libman, E General Infections by Bacteria, J Michigan M Soc 23 462, 
1924 
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followed b}' sepsis and the coincident infection of the aortic \alve With 
the subsidence of the sepsis, which is usually of short duration,^® there 
was a period of two weeks during which the patient was symptom-free 
Following the formation of the legetation, sepsis was renewed and the 
valve became the important souice for dissemination of the organism, 
because of the emboh that became detached 

There is one point of resemblance in these two cases of Bact acidi- 
lactici endocarditis that may be important or merely a coincidence The 
aortic valve leaflets were the site of the vegetation formation A single 
case of Bact coli sepsis with endocarditis in the Presbyterian Hospital 
records also shows involvement of the aortic valve The case of Bact 
coh endocarditis reported by Horder ^ showed at autopsy large, lumpy, 
friable, easily detached vegetations on the aoitic valve 

SUMMARY 

Two cases of Bact acidi-lactici endocaiditis, closely resembling cases 
of infection with Bact coli, are leported because of their rarity More 
complete bacteriologic studies of cases of Bact coh sepsis will undoubt- 
edly bring to light more examples of Bact acidi-lactici infections The 
coincidence of aortic valve involvement m two cases of Bact acidi-lactici 
endoarditis and m two cases of Bact coh endocarditis is pointed out 
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Histamine, ^-iniidazolyletbylamme, ts a decomposition product of 
albumin and is derived from the ammo-acid histidine by the splitting 
off of carbon dioxide It is exceedingly active both pharmacologically 
and physiologically, and has theiefore been widely studied 

The action of histamine on the secietory function of the stomach 
was proved in animal expel imentation by Popielski,^ Keeton, Koch and 
Luckhardt^ and others On the human stomach its effect was first 
obseived in 1922 by Carnot, Koskowski and Liebert,® and since that time 
it has been the subject of numerous investigations Matheson and 
Ammon,^ Gompeitz and A^orhaus,'^ Andresen,® Bockus and Bank," 
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Katzenelbogen and Choisy,® Bloomfield and Polland,® Fenyes and 
Henning demonstiated that histamine injected either subcutane- 
ously or intramuscularly is a most reliable stimulant for gastric secretion, 
especially the secretion of free hydrochloric acid, and that the secretion 
of hydrochloric acid occurs within fifteen minutes after the injection of 
histamine, usually reaching a maximum in about from thirty to sixty 
minutes 

Because of the increase in the acidity of the stomach secretion, 
Katzenelbogen reasoned that a corresponding general decrease of 
acidity should take place m all other body fluids This hypothesis uas 
apparently confirmed at least in part by his experimental study on 
rabbits He observed that sixty minutes after the intramusculai injec- 
tion of 1 cc of a 1 1,000 histamine solution there was an increase of 
the alkali reserve from 22 2 to 105 pei cent, oi an aveiage of 50 55 per 
cent On the basis of these results and on the assumption that histamine 
increases the alkali reserve by draining acidity into the stomach, he 
suggested that it might be of value in the treatment for nondiabetic 
acidosis, especially if combined with the parallel elimination of the 
acidity either by the removal of the stomach contents or by neutraliza- 
tion with alkali giren by mouth As to its use m diabetic acidosis and 
coma, he cautioned that histamine, as he and Abramson and La 
Barre showed, provokes hyperglycemia On the other hand, Hiller 
studied the effect of the subcutaneous injection of histamine on the 
acid-base balance of normal dogs The dose vaiied fiom 0 1 to 3 mg 
per kilogram of body weight She found that from forty to ninety 
minutes after the injection of the histamine, the p-a of the blood and 
the bicarbonate of the plasma were both decreased Corresponding 
with this change theie was an increased excretion of alkali in the urine 

8 Katzenelbogen, S , and Chois>, R L'lnfiuence de riiistamine sur la secre- 
tion gastnque. Arch de mal de I’app digestif 17 278, 1927, Ltude de la secretion 
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Chem 68 833, 1926 



HIESTAND-H ALL— HISTAMINE 


801 


Boyd, Tweedy and Austin injected 0 7 mg of histamine subcutane- 
ously into dogs weighing from 9 to 12 Kg and observed a use in the 
blood pB. amounting to from 0 02 to 006, from one to two hours after 
the injection With larger doses a deciease in pn was observed 


Table 1— Carbon Dwxxde Combining Power of Plasma, Control Experiments 


Alkali Re£er^e 

K . 



'i’line 

Pirst 

Second 



Between 

Blood Sample, 

Blood Sample, 

Bitference, 


Blood Samples, 

per Cent by 

per Cent by 

per Cent by 

Patient 

Minutes 

Volume 

Volume 

Volume 

1 

45 

56 5 

55 5 

—1 0 

2 

45 

54 8 

530 

—18 

3 

50 

60 2 

60 2 

None 

4 

55 

57 7 

65 8 

—1 9 

5 

60 

62 3 

59 5 

—28 

6 

60 

69 3 

68 9 

+0 4 

7 

63 

54 7 

55 1 

+0 4 

8 

65 

60 9 

61 0 

+01 

9 

70 

60 4 

57 9 

—25 

Average dilTerenec 




—1 1 


Table 2 — Carbon Diovidc Combining Power of Plasma Before and After the 

Injection of 0 5 Mg of Histamine 


Patient 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 
17 
IS 
19 


Average diflerence 



t 

Alkali Reserve 

. .A 


Time 

^ First 

Second 


Between 

Blood Sample, 

Blood Sample, 

DilTerence, 

Blood Samples, 

per Cent by 

per Cent by 

per Cent bv 

Minutes 

Volume 

Volume 

Volume 

20 

66 6 

60 0 

— 6 6 

23 

61 9 

619 

-t-0 0 

S3 

585 

64 2 

+5 7 

33 

6.8 8 

OSS 

-HIO 

40 

57 6 

65 2 

+7 6 

40 

69 0 

631 

+4 1 

43 

56 8 

60 3 

+3 7 

43 

59 3 

63 7 

+4 4 

45 

641 

091 

+5 0 

43 

63 5 

67 3 

+4 0 

50 

57 4 

57 9 

+0 2 

50 

55 3 

38 2 

+2 7 

55 

60 6 

55 3 

—52 

60 

714 

68 7 

—2 7 

60 

67 8 

63 6 

+0 8 

60 

54 1 

616 

. +7 5 

60 

63 2 

65 0 

+1 8 

00 

56 5 

56 5 

-MIO 

75 

713 

73 2 

+1 9 




+1 8 


Because the response of the acid-base balance has been found to 
vary with (1) the amount of histamine injected, (2) the manner in 
which It IS administered and (3) the species in which the observations 
aie made, we decided to investigate whether a change occurs m the 


16 Boyd, T E , Tweedy, W R , and Austin. W C Some Effects of 
mine on the Acid-Base Balance, Proc Soc Exper Biol & Med 25*451, 1928 
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alkali reserve in man when the dose corresponds to that employed 
clinically, namely, from 0 5 to 0 75 mg 

Further, since Katzenelbogen and Abramson ^^orklng with guinea- 
pigs, Ni working with dogs and Fenyes working with human 
subjects had shown that histamine produces hyperglycemia, it was also 
decided to investigate its effect on the blood sugai level in man 

Our observ^ations weie carried out on ward patients in Prof Alfred 
Luger's Medical Abteilung of the Kaiserin Elisabeth Hospital in Vienna 
Most of the subjects were j^oung adults, all were free from fevei and 
without an obvious distuibance of gastiic function 


Table 3 — Cat bon Dioxide Coinhtntng Pozuet of Plasma Bcfoie and Aftei the 
Injection of 075 Mg of Histamine 



Tune 

Bust 

Alkali Reserve 

A 

Second 



Between 

Blood Sample, 

Blood Sample, 

Difference, 


Blood Samples, 

per Cent by 

per Cent by 

per Cent by 

Patient 

ilinutes 

Volume 

Volume 

o Volume 

1 

30 

613 

601 

—12 

2 

35 

64 3 

67 C 

+3 3 

3 

G5 

598 

621 

+2 3 

4 

40 

57 4 

54 3 

—31 

J 

45 

67 7 

68 7 

+1 0 

0 

50 . 

62 3 

62 3 

Kone 

7 

50 

64 6 

64 1 

—05 

8 

50 

64 5 

64 7 

+0 2 

9 

50 

60 8 

62 8 

+2 0 

10 

50 

69 3 

59 3 

None 

11 

50 

COS 

61 8 

+10 

12 

55 

CO 7 

71 2 

+10 5 

13 

55 

52 2 

45 4 

-68 

14 

*)5 

62 3 

02 3 

None 

15 

55 

56 5 

58 8 

+2 3 

1C 

00 

60 0 

57 7 

—23 

17 

60 

66 1 

07 6 

+1 5 

IS 

75 

56 2 

55 9 

—03 

Vverngo difference 




+0 55 


TECHNIC 

All subjects vere fasting and at rest m bed, they received no food or drink 
between the blood takings The experiments were carried on between the hours 
of 8 and 10 a m In eierj'^ case in which histamine w'as used, it was given in 
1 1,000 solution so that 1 cc contained 1 mg Ten cubic centimeters of blood was 
taken from an arm vein into a tube containing a small amount (0 05 Gm ) of 
potassium oxalate and under paraffin oil before and from twenty to seventy- fi\e 
minutes after the intramuscular or subcutaneous (gluteal) injection of histamine 
The specimens were immediately centrifugated, after wdnch approximately 3 cc of 
plasma was pipetted off, placed in a separatory funnel and saturated with alveolar 
air The plasma carbon dioxide combining power was then determined by the 
direct method of Van Sljke and Cullen For the blood sugar determination, speci- 

17 Xi T G On the Inverse Change Betw'een the Concentration of Glucose 
and Chloride in the Blood, Am J Physiol 78 158, 1926 
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mens were taken m duplicate from an arm vein at the same time js for the alkali 
reserve The micromethod of Bang was employed, the average of the two deter- 
minations being given in the accompanying tables Seventy patients were used or 
this study, and although one hundred cases are presented in our tables this appar- 
ent discrepancy is due to the fact that parallel blood sugar and alkali reserve 
determinations were made in thirty cases 


RESULTS 

In table 1 aie pieseuted nine cases used as contiols The figures 
show very little vaiiation in the alkali leseive in from foity-five to 


Table A—Caibon Dioxide Combining Powei of Plasma Befoie and Sixty Minutes 
AftcJ 2 Cm of Sodium Bicaibonate by Month 


Patient 

1 

2 

3 

4 

5 
G 


Average mcrea'c 


Alkali Reserve 


First 

Jilood Sample, 
per Cent by 
Volume 
COO 
50 4 
641 

63 0 
59 9 

64 2 


Second 

Blood Sample, 
per Cent by 
Volume 
60 6 
618 
66 5 
72 4 
691 
71 2 


Difference, 
per Cent by 
Volume 
+0 6 
+2 4 
+2 4 
+9 4 
+9 2 
+7 0 


+517 


Table 5 — Caibon Dioxide Combining Powei of Plasma Befoie and Sixty Minutes 
After 2 Gin of Sodium Bicarbonate by Mouth and 0 75 
Mg of Histamine Subcutaneously 


Alkali Reserve 








First 

Second 



Blood Sample, 

Blood Sample, 

Difference, 


per Cent by 

per Cent by 

per Cent b; 

Patient 

Volume 

Volume 

Volume 

1 

68 8 

75 3 

+6 5 

2 

66 7 

716 

+4 9 

3 

64 0 

73 0 

+9 0 

4 

64 0 

718 

+7 2 

5 

66 9 

76 7 

+9 8 

6 

68 2 

73 9 

+5 7 

Average increase 



+718 


seventy minutes The average variation is a decrease of 1 1 per cent 
by volume 

Table 2 shows the lesults in nineteen cases from twenty to seventy- 
five minutes after the intramuscular injection of 0 5 mg of histamine 
A small increase is noted in thirteen cases, a decrease in three and 
no change in three The aveiage variation was an increase of 1 8 per 
cent by volume 

In table 3 aie shown the figures in eighteen cases after the intra- 
muscular injection of 0 75 mg of histamine A small increase in the 
alkali reserve occurred in nine cases and m one case an increase of 
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10 5 pel cent b} volume There was a decrease in six cases and no 
change in three The average was an increase of only 0 55 per cent 
by volume 

We then tried giving alkali by mouth in the foim of sodium bicar- 
bonate in an attempt thereby to neutralize hyperacidity of the gastric 
contents, and to prevent, if possible, the reabsorption of the acid The 
results are seen m tables 4 and 5 The patients m the six cases in table 

Table 6 — Caibon Dioxide Combining Powci of Plasma Bejoie and Aftei 2 Gin 
of Tubastc Calcium Phosphate by Mouth 


Alkali Reserve 

X 



Pirst 

Second 



Blood Sample, 

Blood Sample, 

Difference, 


per Cent by 

per Cent by 

per Cent bj 

Patient 

Volume 

Volume 

Volume 

1 

61 9 

617 

—02 

2 

63 7 

63 7 

None 

3 

61 2 

621 

+0 9 

4 

55 4 

54 6 

—08 

j 

51 6 

51 6 

None 

6 

591 

61 0 

+19 

M erage increase 



+0 3 


Tabie 7 — Caibon Dioxide Combining Powei of Plasma Before and Aftei 2 Gm 
of Tubastc Calcium Phosphate by Mouth and the Injection of 
0 5 Mg of Histamine Subcutaneously 


Alkali Reserve 

A 


Pirst Second 

Blood Sample, Blood Sample, DilTerence, 
per Cent by per Cent by per Cent by 


Pntieut 

Volume 

Volume 

Volume 

1 

58 4 

61 9 

+3 5 

2 

59 8 

57 5 

—23 

3 

68 7 

731 

+4 4 

4 

59 3 

62 0 

+2 7 

5 

61 2 

65 9 

+4 7 

G 

59 2 

61 6 

+2 4 

erage increase 



+2 6 


4 used as controls were given 2 Gm of sodium bicarbonate by mouth 
In the second gioup (table 5) the six patients were given 2 Gm of 
sodium bicarbonate and 0 5 mg of histamine subcutaneously An 
inciease in the alkali reserve occurred in every case in both groups 
The average increase in the controls was 5 17 per cent by volume, while 
the average m the group that received both alkali and histamine was 
somewhat greater, namely, 7 18 per cent by volume 

Mindful of the objection that might be raised that the increase in 
the alkali reseiwe was due to the absorption of the sodium bicarbonate, 
we decided to give tribasic calcium phosphate, which neutralizes the 
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acidity o£ the gastiic secretion without producing an alkaline solution 
Six patients weie given 2 Gin of this alkali by mouth, and six received 
in addition 0 5 mg of histamine subcutaneously Tribasic calcium 
phosphate alone gave a small inciease of 0 3 per cent by volume, while 
when combined with histamine the average increase was still only 2 6 
per cent by volume 

In table 8 aie listed the cases of six patients used as controls for 
blood sugar determinations The variations range from an increase of 


Table 8 — Blood Sugai in MiUigiams pet Hundicd Cubic Cenftmeters, Conti ol 

Expel imcnis 


Patient 

3 

2 

o 

O 

4 

5 

6 

Average difference 

Time Betiicen 
Blood Samples, 
Minutes 

45 

45 

50 

55 

60 

50 

Pirst 

Blood 

Sample 

105 5 

107 0 

112 0 

97 0 

108 5 

104 0 

Second 

Blood 

Sample 

102 0 

100 0 

104 0 

9S5 

110 0 

101 0 

Difference 

-3 5 
—70 
-8 0 
+1 5 
+15 
—30 

—31 

Table 9 

— Blood Sugai 

in Mtlligiams pel 

Hundied Cubic Cenimeteis Befote and 


Ajtcr the Intiamnscnlai Injection of 0 5 Mg of Histamine 



Time Betncen 

Pirst 

Second 




Blood Samples, 

Blood 

Blood 


Patient 


Minutes 

Sample 

Sample 

Difference 

1 


20 

92 6 

94 0 

+1 5 

2 


25 

118 5 

115 5 

—30 

3 


36 

112 0 

107 0 

—50 

4 


85 

107 0 

114 0 

+7 0 

0 


40 

121 0 

128 0 

+7 0 

G 


40 

116 0 

124 0 

+8 0 

7 


45 

121 0 

1210 

None 

s 


50 

114 0 

110 0 

—40 

9 


50 

121 0 

119 6 

—1 5 

20 


55 

118 0 

114 0 

—40 

11 


60 

107 0 

107 0 

None 

12 


75 

120 0 

120 0 

None 

Average difference 




+0 50 


1 5 mg per hundied cubic centimeters to a fall of 8 mg, the average 
vaiiation being a fall of 3 mg in fiom forty-five to sixty minutes 

In table 9 are presented twelve cases, showing the blood sugar m 
milligrams per hundred cubic centimeters from twenty to seventy-five 
minutes after the intiamuscular injection of 0 5 mg of histamine The 
results varied, with an increase m four cases, a decrease in five and no 
change in three, the aveiage vaiiation being an inciease of 0 5 mg per 
hundred cubic centimeters 

In table 10 are listed the results in twelve cases in from thirty to 
seventy-five minutes after the intramuscular injection of 0 75 mg of 

18 Hiller (footnote 15) Boyd, Tweedy and Austin (footnote 16) 
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histamine As m table 9, no definite, uniform effect occuried There 
was an increase in four cases, a fall m seven and no change in one The 
average difference was an increase of 1 25 mg per bundled cubic centi- 
meters 

COMMENT 

From our results it is evident that the intramusculai injection of 
histamine does not produce a uniform and significant inciease either in 
the alkali reserve or in the blood sugar While it is ti ue that a small 
increase m the caibon dioxide combining power of the blood plasma did 
occur in most of the cases aftei the injection of histamine, it was not of 
sufficient degree to encourage the use of histamine as a therapeutic agent 
in acidosis We are unable to explain why more cases showed an 


Table 10 — Blood Sngat m Mtlitgiams per Hundied Cubic Cenfnnefets Bcfoie and 
After the Inti amusculai Injection of 0 75 Mg of Histamine 



Time Between 

Pirst 

Second 



Blood Samples, 

Blood 

Blood 


Patient 

Minutes 

Sample 

Sample 

Difference 

1 

30 

100 0 

97 0 

—30 

2 

35 

95 5 

100 0 

+16 

3 

35 

104 0 

112 0 

+8 0 

4 

40 

116 0 

110 0 

—60 

5 

45 

15 5 

89 0 

—65 

G 

50 

102 0 

102 0 

None 

7 

50 

104 0 

102 0 

—20 

8 

50 

107 0 

105 5 

—1 5 

9 

60 

97 0 

93 5 

+15 

10 

60 

110 0 

105 5 

—45 

11 

60 

113 5 

110 0 

—35 

12 

75 

99 5 

101 5 

+10 

Average difference 




+123 


increase after the smaller dose of 0 5 mg of histamine than after the 
injection of 0 75 mg , the slight difference, however, is insignificant 
The combined administration of sodium bicaibonate by mouth and 
0 75 mg of histamine subcutaneously does produce a uniform and 
fairly significant increase in the alkali reserve This increase is not 
significantly greater than that pioduced by sodium bicaibonate alone 
Tiibasic calcium phosphate alone caused no appieciable increase in 
the alkali reserve, combined with the subcutaneous administration of 
histamine, a slight increase occuired 

That the pouring forth of hydrochloric acid in the stomach follow- 
ing the injection of histamine does not result m a decrease m the acidity 
of all other body fluids is now known Matzner and Giay^® have 
reported that histamine produces an inci eased secretion of bile and 
alkaline intestinal juices Also they found that no more than 50 per 

19 Matzner, M, and Gray, I The Comparative Changes m the Gastric 
Aciditj and Urinary Reaction After the Injection of Histamine, Arch Int Med 
47 202 (Feb ) 1931 




HIESTAND-HALL—HIST AMINE 


807 


cent of the patients, in whose gastric contents free hydrochloiic acid was 
demonstrated after the subcutaneous injection of histamine, had a 
definite alkahne?^e m the mine Further, Neale and Klumpp,^® work- 
ing with children of diffeient ages, found that following the injection 
of histamine there occuired an inciease in the alkalinity of the duodenal 
contents accompanying the secietion of acid m the stomach 

While a few cases showed a small increase in the blood sugai after 
the injection of histamine, the average change was slight 

CONCLUSIONS 

1 The intramusculai injection of from 0 5 to 0 75 mg of histamine 
usually produces a small inciease in the alkaline reserve in man The 
inciease, however, is not sufficient to warrant its therapeutic application 
in acidosis 

2 The combined administration of sodium bicaibonate by mouth 
and histamine subcutaneously produces a significant increase in the 
alkali reserve, but the increase is not significantly greater than that 
produced by the alkali alone Tribasic calcium phosphate alone or com- 
bined with histamine inci eases the alkali leserve only slightly 

3 The intramuscular injection of fiom 0 5 to 0 75 mg of histamine 
does not produce a significant inciease in the blood sugar level m man 

Prof Alfred Luger gave many helpful suggestions and permitted us to use his 
cases in the Kaisenn Elisabeth Spital, Vienna, Austria 


20 Neale, A V, and Klumpp, T G Action of Histamine on the Pancreas, 
J Chn Investigation 9*197, 1930 



EFFECT OF QUINIDINE SULPHATE IN INHIBITING 
VENTRICULAR FIBRILLATION 

AN EXPERIMENTAL STUDY 

HAROLD D LEVINE, SB 

BOSTON 

It has been quite definitely established that quinidine prolongs the 
refractory period of heart muscle, this has been legarded as the mecha- 
nism by which quinidine stops conditions due to circus movement of the 
heart such as auricular fluttei and fibrillation From clinical experience 
It has also been known that repeated administration of quinidine by 
mouth prevents the inception of these disturbances in the auricle which 
otherwise would be recurring in transient form ^ Because fibrillation 
of the ventricles is also regarded as due to a ciicus movement, a similar 
method of therapy might become available as a pieventive measure 
Morawitz,” on empiric grounds, successfully used the drug as a prophy- 
lactic agent m patients whom he regarded as liable to sudden cardiac 
death , his figures showed a distinct diminution in the number of sudden 
deaths under the quinidine regimen It is the geneial opinion at the 
present time that ventricular fibrillation is responsible for many cases of 
sudden caidiac death® Stepp and Parade^ and Weber® likewise 
advocated cautious quinidine medication, which they believe prevents or 
postpones the sudden fatal outcome 

On the other hand, some investigators reported that quinidine may 
tend to fa^or the inception of ventricular fibrillation Kerr and Bendei ® 

Submitted for publication, Aug 23, 1931 

From the Laboratories of Phj^siology in the Harvard Medical School 

1 Bramwell, J C , and Ellis, R The Ultimate Results of Quinidine Therapy 
in Auricular Fibrillation, Lancet 2 960 (Nov 10) 1928 

2 Morawitz, P , and Hochrein, M Zur Verhutung des akuten Herztodes, 
^Munchen med Wchnschr 76 1075, 1929 

3 Hering, H E Der Sekundenherztod, Berlin, Julius Springer, 1917 

4 Stepp, W , and Parade, G W Untersuchungen und Betrachtungen uber 
den plotzhchen Herztod durch Kammer-Fhmmern, lilunchen med Wchnschr 75 
1869, 1928 

5 Weber, A Lleber den plotzhchen Herztod Klin Wchnschr 6 2458, 1927 
(See also footnote 19) 

6 Kerr, W J, and Bender, W L Parox\smal Ventricular Fibrillation with 
Cardiac Reco\ery in a Case of Auricular Fibrillation and Complete Heart Block 
While Under Quinidine Sulphate Therapj, Heart 9 269, 1922 (See also foot- 
note 18 ) 
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reported the occurrence of parox)smal ventiicular fibrillation with 
recovery, in a case of auricular fibrillation and complete heart block, 
during quinidme sulphate therapy They laise the question whether the 
quimdine was responsible for the ventricular fibrillation Drury, Hors- 
fall and Munly^ found that m dogs ventiicular fibrillation was 
occasionally produced by qumidine They attributed these anomalous 
lesults either to the mode of stimulation employed (slow rhythmic 
shocks rather than the faradic cuirent) or to the low degree of poisoning 
pioduced by the diug In experiments in which larger doses of quini- 
dine were used and m which the faradic current was employed, they 
found that fibrillation was pioduced with difficulty if at all It is sug- 
gested that a dose of the drug, which pioduces a greater effect in 
piolongmg conduction time than m prolonging the lefractory peiiod, 
might well induce oi peipetuate ventiicular fibi illation rather than 
prevent oi terminate it 

The puipose of the present reseaich was to obtain definite experi- 
mental evidence legarding the effect of quinidme on the ease of elicita- 
tion of ventnculai fibi illation, and establish a lational basis for its use 
as a preventive of such a disturbance Diuiy, Horsfall and Munly ^ 
showed that qumidine has the same effect on ventricular muscle that it 
has on heait muscle as a whole and on auricular muscle, that is to say, 
it lengthens the absolute lefiactoiy peiiod and i educes the rate of con- 
duction Hecht and Rothbeiger ^ found that under quinine the ventiicle 
of the cat’s heart is thiowii into fibrillation with difficulty or not at all, 
they made no similar study of quinidme 


EXPERIMENTAL METHOD 


Since the cat’s heart presents the advantage of recovering spontaneousb^ from 
ventricular fibrillation,® cats were used in these experiments The cat’s heart can be 
stimulated repeatedly, and repeated determination of a “threshold” current for 
fibrillation can be made 

In the first experiments ethyl carbamate (urethane) anesthesia was employed 
In the later senes the animals were decerebrated by the method described by 
Cannon and Britton A stylet is driven swiftly through the thin petrous portion 


7 Drury, A N , Horsfall, W N , and Munly, W C Observations Relating 
to the Action of Quinidme Upon the Dog’s Heart The Refractory Period of, 
and Conduction in. Ventricular Muscle, Heart 9 365, 1922 

8 Hecht, A V , and Rothberger, C J Experimentelle Beitrage zur Kenntnis 
der Chinimvirkung bei Herzflimmern, Ztschr f d ges exper Med 7 134, 1919 

9 Porter, W T The Recovery of the Heart from Fibrillary Contractions 

d’Hallum, M Le massage du coeur, Presse med 
^^^‘^’^'^^dham, J A Fibrillar Contraction of the Heart, J Physiol 

o Zyo, 18o7 

10 Cannon, W B , and Britton, S W Studies on the Conditions of Activity 
pVm? ? 2”286 192? Pseudaffectne Medulhadrenal Secretion. Am J 
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of the temporal bone about 1 cm abo\e the external auditor} meatus with a quick 
blow of a hammer (no anesthesia having been administered), and on reaching the 
opposite bonv vail, the tip ot the stvlet is immediatel} drawn across the floor of 
the skull with a single rapid stroke, thus disconnecting the cerebral peduncles 
from the brain stem The animal at once goes into decerebrate rigidity and 
survives m this condition for seieral hours The trachea is then cannulated and 
artificial respiration begun 

The heart is exposed in situ, and the pericardium sewed to the thoracic wall 
b\ a modification of the Drinker technical The heart can then be inspected 
directly Fibrillation is produced bj stimulating the heart directly wnth a bipolar 
stimulating electrode attached to the secondary coil of a large mductorium The 
secondary coil is closeh coupled to the primar}" and the current in the primary coil 
IS varied by means of a rheostat, the current in the secondary coil varies directly 
with that in the primarj and not logarithmically as it would if the current were 
\aried by changing the distance betw'een the tw'O coils An interruptor and an 
ammeter are included in the primary circuit The heart is stimulated m the same 
spot each time, in the later experiments wire electrodes were sewed directly into 
the ventricular wall so that no variation in the site of stimulation was possible 
The stimulation is applied for the same length of time on each occasion, fi^e 
seconds unless otherwise stated The cat is maintained at constant temperature and 
the exposed heart is kept moist with 0 9 per cent saline at body temperature 

The heart is stimulated wuth gradually increasing strengths of current, with 
intervals between stimulation adequate for the heart to recover, until the strength 
of current at which persistent fibrillation is produced has been determined This 
current is called the threshold for ventricular fibrillation At currents below' 
this value the heart either is unaffected, is accelerated, or goes into fibrillation only 
while the current is being applied This latter condition has been called “pseudo- 
fibrillation ” 12 In true fibrillation a mechanism of circulating excitation is estab- 
lished, whereas in pseudofibrillation this is not so With some exceptions stimula- 
tion with currents above the threshold value produces persistent fibrillation, while 
subthreshold currents cause, at the most, pseudofibrillation In several experiments, 
however, it was found that currents above the strength which was first believed 
to be the “threshold” current, did not produce true fibrillation and, conversely, that 
currents below that value did produce persistent fibrillation, despite all efforts to 
preserve identical conditions (Experiments in which it was impossible to check 
the thresholds by redetermmation have been excluded from the tabulations) klost 
observers have not reported such anomalous results but apparently have been con- 
tent to designate as the threshold the first strength of current at which fibrillation 
IS produced, working up graduallv from weaker currents The present research 
seems to show that although this value generally is the true threshold it is not 
always so The production of persistent fibrillation appears to be the result of 
changes in other variables than the amperage of the applied current, such as the 
site of stimulation,^^ temperature of the heart,^* exhaustion,!* asphyxia, etc 

11 Drinker, C K A Useful Heart Method, J Exper Med 33 675, 1921 

12 MacWilham, J A The Mechanism and Control of Fibrillation in the 
Mammalian Heart, Proc Rov Soc London, s B 90 302, 1917-1919 

13 Braun, L , and Samet, B Experimentelle Untersuchungen an den 
Koronargefassen und uber Kammerfiimmern (Zur Prophvlaxe des Flimmerns), 
Wien khn Wchnschr 44 136, 1931 

14 AlacWilham (footnote 91 
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Once true fibrillation is produced, the heart may recover spontaneously after a 
so-called “postundulatory pause In the event that the heart does not recover 
of itself, remedial measures such as rhythmic compression of the ventricles 
fso-called “cardiac massage”) 1° or the intracardiac injection of a very weak 
solution of epinephrine (0 1 cc 1 10,000 — 1 5,000) may prove effective When 
the depressed heart is massaged, the spontaneous beat develops more readily during 
a pause One can count on successful resuscitation by massage only as long as the 
heart possesses a certain tone, that is, while there still remains a sense of firmness 
Once the heart muscle is weak and flaccid, massage is of no avail The resuscita- 
tory efforts are not alwaj s successful, particularly with heavier cats, and many 
of the experiments ended with the determination of but one threshold 

EXPERIMENTAL RESULTS 

In the first set of experiments the threshold cunent was hist 
detei mined for the normal or tinqmnidmized animal, then the threshold 


Table 1 — Effect of the Absoiption of Qtnnidine iu Causing a Rise in the 
Thieshold foi Ventnciilai Fibnllatwn 


E\per 


W eight. 


Xo 

Date 

Ke 

Anesthesia 

1 

2/1S/30 

23 

Ethyl carbamate 

2 

4/ 9/30 

23 

Ethyl carbamate 

3 

7/22/30 

23 

Ethyl carbamate 

4 

7/23/30 

28 

Ethyl carbamate 

5 

7/24/30 

35 

Ethyl carbamate 

6 

7/25/30 

27 

Ethyl carbamate 

7 

7/28/30 

1 7 

Ethyl carbamate 

S 

7/29/30 

19 

Ethyl carbamate 

9 

S/ 1/30 

33 

Ethyl carbamate 

10 

8/ 3/30 

1 5 

Ethyl carbamate 

11 

9/25/30 

1 9 

Ethyl carbamate 

12 

10/30/30 

1 6 

Ethyl carbamate 

IS 

11/24/30 

18 

Ethil carbamate 

14 

2/10/31 

24 

Decerebrate 

15 

2/12/21 

21 

Decerebrate 

IG 

2/2C/31 

29 

Decerebrate 

17 

0/ G/31 

27 

Decerebrate 

IS* 

6/29/31 

31 

Decerebrate 


Arerage 




Threshold Before 

Threshold Alter 

Quinidme 

Quinidme 

11 77 cm between coils 

8 38 cm between coils 

0 30 amperes or less 

0 43 amperes 

0 23 amperes 

0 35 amperes 

0 35 amperes 

0 40 amperes 

0 20 amperes 

0 30 amperes 

0 35 amperes 

0 55 amperes 

0 30 amperes 

1 50 amperesl 

0 15 amperes 

0 50 amperes 

0 30 amperes 

1 50 amperes 

0 35 amperes 

0 60 amperes or higher 

0 05 amperes or less 

1 50 amperes 

0 10 amperes 

0 15 amperes 

0 15 amperes 

0 30 amperes 

0 05 amperes or less 

0 15 amperes 

0 10 amperes 

0 15 amperes 

0 10 amperes 

0 20 amperes 

0 20 amperes 

1 50 amperes 

0 10 amperes 

0 30 amperes 

0 20 amperes 

0 60 amperes 


* Heart dcneivated 
f Thirty seconds’ duration 


was detei mined after the intravenous injection of an adequate dosage 
of quinidme sulphate The second determination was made m from 
fifteen to thirty minutes after the injection, to give ample time for the 
quinidine to distribute itself in the heart muscle The dosage used w^as 
fiom 5 to 10 mg pei kilogram of body weight of the cat It did not 
seem to be material whether the smaller or larger dose was used 
^ In all the experiments of this series, excepting numbers 4, 12 and 
15, quinidme sulphate made necessary an appreciably stronger faradic 

15 Winterberg, H, m Handbuch der Normalen und Pathologischen Physio- 
logic, Herzflimmern und Herzflattern I Blut Zirkulation-Herz, Berlin Julius 
Springer, 1924, vol 7, p 663 MacWilliam (footnote 9) 

16 Lev 3 % A G IMassage of the Fibrillating Ventricles, Heart 7 175 1920 
HacWilham (footnote 9) 
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current in order to cause ■\entnculai fibrillation (table 1) In the three 
enumerated experiments the change, though slight, was in the diiection 
of a rise in the threshold Excluding the first experiment, the a\ erage 
threshold for the unqumidmized animal in the entire group was 0 20 
amperes, for the quinidmized animal, 0 60 amperes The aveiage foi 
those animals in which eth}! cai hamate anesthesia was used (excepting 
numbei 1 ) was 0 23 amperes in the unqumidmized condition and 0 67 
amperes in the quinidmized condition In the last five expeiiments of 
the group, in which the cats were pithed, the average before quinidine 
administration was Oil ampei es and after quinidine administration 0 42 
amperes It is impoitant to note that the threshold apparently beais no 
relation to the body weight of the cat The average results of the entiie 
group are probably less significant than the compaiative results in a 
single experiment, because the quinidine thieshold of one animal may 
be a lower value than the noimal threshold of another For example, 


Table 2 — Effect of the Excietwn of Ommdine m Causing a Fall in the 
Thieshold foi Vcutiicnlai Fihi illation 


Etper 

No 

Date 

Weight, 

Kg 

Anesthesia 

Threshold After 
Quinidine 

Threshold After Evere 
tion of Quinidine 

19 

8/11/30 

13 

Ethvl carbamate 

0 50 amperes at 11 52 

0 11 amperes at 1 34 

20 

8/12/30 

36 

Ethyl carbamate 

0 40 amperes at 11 32 

<0 10 amperes at 12 20 

21 

8/13/30 

1 9 

Ethyl carbamate 

0 40 0 50 amperes at 11 45 

0 25 amperes at 12 57 

22 

8/14/30 

27 

Ethyl carbamate 

0 20 amperes at il 11 

0 20 amperes at 1 51 

0 25 amperes at 2 57 

0 15 amperes at 12 00 

23 

6/18/31 

25 

Decerebrate 

1 00 amperes at 12 48 

1 00 amperes at 2 30 

24 

6/29/31 

3 1 

Decerebrate 

0 30 amperes at 11 53 

0 05 amperes at 1 02 

S5 

6/30/31 

26 

Decerebrate 

>1 50 amperes at 12 06 

1 50 amperes at 1 55 

Avenge 



0 62 amperes 

0 44 amperes 


cats 4, 6 and 10 had normal thresholds of 0 35 amperes while cats 5 
and 13 each had quinidine thresholds of 0 30 amperes 

In order to rule out the possibility that the previous treatment and 
manipulation of the heart was the cause of the use of threshold, it was 
decided to reverse the procedure used in the first set of experiments 
The quinidine was gnen first and the threshold determined aftei>allow- 
ing adequate time foi absorption An hour or more later the threshold 
was again determined, when a good part of the quinidine had presumably 
been excieted 

With the exception of experiment 23, all the experiments in this 
series (table 2) show a fall in the threshold after sufficient time has 
been allowed to elapse for the quinidine to be excreted in whole or in 
part Here, again, too much significance must not be given average 
results It IS noteworthy, however, that the average threshold for the 
quinidmized animals in this senes was 0 62 amperes, which is approxi- 
mately the same as the a\ erage of the first senes, i e , 0 60 amperes 
The a\erage after the excretion of the quinidine vas 044 amperes 
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This shows that the change in the thieshold in the experiments is due 
to the quinidine and not to extraneous factors such as fatigue and 
manipulation 

In a third series of experiments the methods of the two previous 
sets were combined (table 3) The threshold was determined thrice, 
before, shortly after and a longer time after the injection of quini- 
dine With the exception of cat 28, in which quinidine was without 
effect, the administration of the drug was followed by a rise in the 
threshold curient for ventiicular fibrillation and then, with the passage 
of more time, by a fall m the threshold toward the oiiginal level 

Table 3 — Effect of Absorption and Excietwn of Quinidine m Causing a, Rise 
and Fall in the Thieshold fot Vcnti icular Fibi illation 


Evpcr 

No Date 

Weight, 

Xs 

Anesthesia 

Threshold 

Before 

Quinidine 

Threshold 

After 

Qu nidme 

Threshold After 
Excretion of 
Quinidine 

26 

10/21/30 

13 

Ethyl carhamate 

0 20 amperes 
at 3 42 

0 GO amperes 
at 4 33 

0 40 amperes 
at S 35 







0 SO amperes 
at 6 29 

27 

10/23/30 

2 2 

Ethyl carbamate 

0 10 amperes 
at 3 30 

0 20 amperes 
at 4 17 

0 10 amperes 
at 5 02 

(questionable 

figure) 

28 

2/10/31 

23 

Decerebrate 

0 10 amperes 
at 2 59 

0 10 amperes 
at 3 41 

0 10 amperes 
at 4 OS 

99 

4/ S/31 

24 

Decerebrate 

0 10 amperes 
at 10 40 

0 40 amperes 
at 11 28 

0 10 0 15 amperes 
at 12 21 

SO 

0/ 3/31 

2 2 

Decerebrate 

0 05 amperes 
at 11 13 

0 10 amperes 
at 11 44 

0 05 amperes 
at 12 37 

31 

6/ 5/31 

2 3 

Decerebrate 

0 05 amperes 
at 11 38 

0 20 0 30 amperes 
at 12 23 

0 10 amperes 
at 1 34 

32 

0/30/31 

20 

Decerebrate 

0 10 amperes 
at 2 28 

1 50 amperes 
at 3 19 

0 20 amperes 
at 4 00 


Average 



0 10 amperes 

0 45 amperes 

0 14+ amperes 


Contiol expeiiments (table 4) weie perfoimed showing that there 
IS no natuial change oi only a very slight change m the threshold foi 
ventiicular fibrillation during a period of two hours if no quinidine is 
given Furthermore, the injection of distilled watei or of physiologic 
solution of sodium chloride did not altei the threshold (experiments 
35 and 36) 

The woik was piompted by the clinical lesults obtained in the tieat- 
ment of \entiiculai tachycardia with quinidine In this regard it was 
found that the drug not only breaks up the abnormal rhythm but may 
prevent its letuin when the condition has a tendency to recur in 
paioxysms As fibrillation of the ventricles may well have a similar 

17 Levine, S A, and Fulton, M N The Effect of Quinidine Sulphate on 
Ventricular Tachycardia Clinical Observations, JAMA 92 1162 (April 6) 
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relation to \entncular tach}cardia as auiicular fibrillation has to auricu- 
lar fluttei, it seemed logical that quinidine might actually inhibit the 
de\elopment of ventricular fibrillation It is well known that although 
sudden, instantaneous and unexpected death can occur, especially in 
coronar}" thrombosis from rupture of the ventricle or from sudden com- 
plete heart block, there are other instances where these two factors are 
inadequate to explain the mechanism of death It is because such other- 
wise unexplained deaths may well be due to ventricular fibrillation that 
the experiments reported in this study may have a practical application 
for proper qumidine therapy or foi some hope m inhibiting these 
fatalities 


Table 4 — The Constancy of the Thicshold zvith Lnnc and with the 
Adnnmst) atton of Conti ol Solutions 


Determinations 


Expcr 

^o 

Dnte 

Weight 

Kg 

Anesthesia 

First, 

Amperes 

Second, 

Amperes 

Third, 

Amperes 

Fourth, 

Amperes 

Fifth, ' 
Amperes 

3 

7/32/30 

2 3 

Ethjl carba 
mate 

0 25 at 

11 36 

0 25 at 

11 51 

0 25 at 

12 04 

0 25 at 

12 14 


7 

7/28/30 

1 7 

Ethil carba 
mate 

0 30 at 

11 40 

0 30 at 

11 55 

0 30 at 

12 10 

0 30 at 

12 25 

0 30 at 
12 45 

S3 

4/ 5/30 

Small 

cat 

Ethil carba 
mate 

0 47 at 

4 07 

0 48 at 

4 21 




34 

11/ 4 '30 

20 

Ethjl carba- 
mate 

015 at 

12 12 

010 at 

1 06 




35 

11/ 5 30 

1 7 

Fthjl carba 
mate distilled 
water injected 
at 11 55 

010 at 

12 16 

010 at 

1 05 

010 at 

1 58 



Co 

11 ' 0 30 

1 9 

Ethjl carba 
mate, 3 8 cc 
saline injected 
at 11 37 

010 at 

11 55 

010 at 

12 55 

010 at 

1 59 




CONCLUSIONS 

In a senes of thiity-six experiments performed on cats, it was found 
that quinidme sulphate definitely inhibited the facilit}' with which ven- 
tnculai fibrillation could be produced by faradic stimulation It was 
also found that this eftect could not be attributed to manipulation of 
the heait and the resulting fatigue of the muscle or to the time con- 
sumed in the experiments 

It IS suggested that these results ofifer a rational background for 
proper qumidine therapy as a method of preventing sudden death in 
those conditions m which ventricular fibrillation is prone to occur 

Note — While this paper was in the hands of the printer, two per- 
tinent ai tides were called to my attention In one, Davis and Sprague 
reported the occurrence of syncopal attacks in a patient with rheumatic 

18 Da\is, D , and Sprague H B Ventricular Fibrillation Its Relation 
to Heart Block, Am Heart J 4 559, 1929 
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heait disease and aunculai fibrillation Following tieatment with quini- 
dinc in an attempt to lestore noimal ihythm, electi ocardiogi ams showed 
ventricular abnoimalities consistent with ventricular fibi illation In 
this paper the possible action of quinidme in initiating A^entriculai fibril- 
lation IS discussed In the othei, Dock lepoited a case of recuirent 
attacks of syncope occuirmg ovei a peiiod of eighteen months, due pre- 
sumably to ventricular fibrillation Subsequent quinidme medication 
pi evented these attacks 

19 Dock, W Transitory Ventricular Fibrillation as a Cause of Syncope and 
Its Prevention by Quinidme Sulphate, Am Heart J 4 709, 1929 



INTRINSIC REGULATION OF GASTRIC ACIDITY 


SAMUEL L GOLDBERG, MBy 

ROCHESTER, MINN 

The mechanisms concerned in the loweimg of gastric acidity follow- 
ing digestion have been the subject of considerable research since 
Pavlov ^ first noticed the apparent diminution of further seci etion of 
hydrochloric acid when there was an accumulation of that substance 
within the gastric cavity Although he did no further work on the 
subject, he originated the idea of intrinsic contiol of gastric acidity 

Rosemann “ noted that although the concentration of total chloride 
remained constant, or relatively so, in specimens of gastric content, the 
acid chloride measured as hydrochloric acid and the neutral chloride 
measured as sodium chloride varied m inverse proportion He advanced 
the hypothesis that as the stimulus to gastiic seci etion became stronger, 
the amount of chloride ion secreted as hydrochloric acid became greater, 
and the amount secreted as neutral chloride became correspondingly 
less When the stimulus was absent or less marked, the reveise occuried 
Earlier investigators, notably Pfaundler,® had noticed the increase in 
neutral chloride late in the digestive cycle when the acid chloride was 
decreasing, and attributed this use to neutralization of secreted acid 
chloride by mucin and alkaline pyloric juices 

Boldyreff,^ in 1907, suggested that gastric acidity was self-regulated 
by regurgitation of alkaline duodenal juices His classic experiments 
need not be considered here, they have been confiimed many times by 
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1 Pavlov, I P The Work of the Digestive Glands, ed 2, London, Griffin 
and Companj, 1910 

2 Rosemann, R Beitrage zur Physiologie der Verdauung I Die Eigen- 
schaften und die Zusammensetzung des durch Schemfutterung gewonnenen Hunde 
magensaftes. Arch f d ges Phj^siol 118 467 (July) 1907 

3 Pfaundler, quoted b} MacLean, Hugh , and Griffiths, W J The Automatic 
Regulation of Gastric Acidity, J Ph}’’siol 66 356 (Dec ) 1928 

4 Boldj reff, W Der Uebertntt des naturhchen Gemisches aus Pankreassaft, 
Darmsaft und Galle in den Alagen, Arch f d ges Phjsiol 121 13 (Dec) 1907 
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Cathcait,^ Spencei and his associates,® Bolton and his associates ‘ and 
otheis Olch and Elman ® lecently confirmed the pait played by legui- 
gitation, diveiting oi leturnmg paiicieatic juice from oi to the duo- 
denum at will with an apparatus devised by Elman and McCaughan ® 
They found that neutiahzation of an acid test meal was lapid when 
secietions weie present in the duodenum and absent or maikedly 
decreased aftei the diveision of the secietions 

Carlson,^® Hicks and Visher “ and otheis assumed that, wheieas 
1 egui gitation into the stomach is a ph3^siologic phenomenon, it is not 
the nnpoitant mechanism in the lowering of gastric acidity Cailson, 
because of observations made ovei a peiiod of seven years on a man 
with an opening made at gasti ostomy , considered that the concenti ation 
of secreted hydiochloiic acid varies Other investigators, notably Foster 
and Lambert and Lim,’-® confirmed this observation 

Rosemann’s - hypothesis was emphasized by the investigations of 
Katsch and Kalk,^'* Steinitz and others Hansman, Day and Clifton 
expressed the belief that it is impossible to account for the increase in 
the concenti ation of neutral chloride by assuming neutralization of 


5 Cathcart, E P Reflux from Intestine to Stomach, J Physiol 42 435 
(July) 1911 

6 Spencer, W H , Meyer, G P , Rehfuss, M E, and Hawk, P B Gastro- 
intestinal Studies XII Direct Evidence of Duodenal Regurgitation and Its 
Influence upon the Chemistry and Function of the Normal Human Stomach, Am 
J Physiol 39 459 (Feb ) 1916 

7 Bolton, Charles, and Goodhart, G W Duodenal Regurgitation into 
Stomach During Gastric Digestion, Lancet 1:420 (March 4) 1922 

8 Olch, I Y, and Elman, Robert Regurgitation of Duodenal Content as 
Factor m Neutralization of Gastric Acidity, Proc Soc Exper Biol & Med 25 184 
(Dec) 1927 

9 Elman, Robert, and McCaughan, J M On the Collection of the Entire 
External Secretion of the Pancreas Under Sterile Conditions and the Fatal Effect 
of the Total Loss of Pancreatic Juice, J Exper Med 45 561 (March) 1927 

10 Carlson, A J Contribution to the Physiology of the Stomach XXI 
The Secretion of Gastric Juice in Man, Am J Physiol 37 50 (April) 1915 

11 Hicks, C J, Jr, and Visher, J W Contributions to the Physiology of 
the Stomach XXVII The Mechanism of Regurgitation of Duodenal Contents 
into the Stomach, Am J Physiol 39 1 (Nov) 1915 

12 Foster, N B , and Lambert, A V S Some Factors in the Physiology 
and Pathology of Gastric Secretion, J Exper Med 10 820 (Nov ) 1908 

13 Lim, R K S On the Relationship Between the Gastric Acid Response 
and the Basal Secretion of the Stomach, Am J Physiol 69 318 (July) 1924 

14 Katsch, G , and Kalk, Heinz Statik und Kmetik des Magenchemismus, 
Arcli f Verdauungskr 32 201, 1923 

15 Steinitz, Hermann Die Chlorabscheidung des menschhchen Magens in 
ihrer Beziehungen zu pathologischen Vorgangen, Arch f Verdauungskr 42 57, 


16 Hansman, F S , Day, Emily M, and Clifton, R Gastric Chlorides Their 
Oiigiir and Significance, kl J Australia 2 6 (July 27) 1927 
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secreted acid chlonde b} all the a\ailable base in mucin, alkaline p}loiic 
secietions and duodenal juice MacLean and Giiffiths^' weie also 
staunch supporters of this intiinsic mechanism, because of seveial 
obseivations The neutiahzation of acid test meals may be prompt 
\Mthout evidence of i egurgitation, either in staining of gastric content 
b} bile or m discoieiy of ti\ptic activit} in gastric content, acidity 
\aries in a Pavlov pouch as it does m the intact stomach, although 
leguigitation into a Paidoi pouch is not possible MacLean and 
Giiffiths maintained that an accumulation of hydiogen ions above a 
ceitain level inhibits the fuither secretion of acid 

Baird, Campbell and Hein^® pi evented regurgitation by continuous 
lemoval of duodenal content b> a suction apparatus, and found test 
meals to be unaltered McCann used Mann and Williamson’s 
method of duodenal diainage foi the same pin pose and found regula- 
tion of the acidity of the gastiic content unchanged He attributed 
reduction in the acidity of the gastiic content to the giadual reduction 
of a high rate of secietion to a low late, and to the capacity of mucus 
to combine with acid to foim a combined acid and a neutral chloride, 
the concentiation of which uses at the end of digestion 

In a comprehensive leiiev of the subject Babkin stated his belief 
that the curve of aciditx is the net result of seveial impoitant regulatoij 
factors He consideied laiiation of the concentiation of secieted acid, 
and contributed evidence of its significance He expressed the belief 
that regurgitation is impoitant and that secretion of neutral chlonde 
plays a part To gastiic mucin, saliva and foodstufts he attributed 
minor roles 

This work was started piimanl}'- to deteimme the bufiering capacity 
of the gastric juice to acids instilled into gastiic pouches It was 
believed that if the acidit} of solutions that had been instilled became 
1 educed, under expeiimental conditions that piecluded the possibility 
of its being neutralized b) food, saliva or regurgitated mateiial, one 
could assume the existence of intrinsic regulation of gastric acidity By 
following the titratable acidit} and the chloride content within the pouch, 
one might obtain information legaiding the nature of this mechanism 

17 AlacLean Hugh and Griffiths, J The Automatic Regulation of 
Gastric Aciditj, J Phjsiol 66 356 (Dec) 1928 

18 Baird, M McC , Campbell, J Jtl H , and Hern, J R B The Importance 
of Estimating Chlorides in Fractional Test Meal Samples, and Some Experiments 
\Mth the Duodenal Tube, Guv’s Hosp Rep 74 23 (Jan) 1924 

19 McCann, J C Studies on Control of Aciditj of Gastric Juice, Am J 
Phisiol 89 483 (Aug) 1929 

20 Mann, F C , and Williamson, C S The Experimental Production of 
Peptic Ulcer, Ann Surg 77 409 (April) 1923 

21 Babkin, B P Pin siological Factors Determining Acidity of Gastric 
Juice and of Gastric Contents Canad M A J 17 36 (Jan ) 1927 
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METHODS or IX\ESTIG^TION 

Operative procedures were all carried out on dogs under ether anesthesia and 
with aseptic technic Pyloric pouches Avere prepared by a modified Polya type 
of resection in two stages (figs 1 and 2) Little difficulty was encountered, the 
pouches readily retained solutions instilled through a Pezrer mushroom retention 
catheter 

With ordinary Pavlov pouches of the fundus, it vv'as almost impossible to 
prev ent excoriation of the skin, and this difficulty w'as best obviated by constructing 
pouches by a modification of Mann and Bollman’s -- method of preparing an intes- 
tinal fistula Essentially a loop of resected ileum W'as employed as a fistulous 
tract to dram the fundic pouch Anastomosis of the distal end of the loop to the 
stomach produces a valvelike effect, which prevents leakage and makes excoriation 
negligible The possible objection that the relatively alkaline secretion of the loop 
might interfere with the experimental procedure by being regurgitated into the 
pouch was removed by inserting a mushroom retention catheter well within the 
pouch and exerting traction on it until the mushroom impinged strongly against 
the somewhat contracted line of the gastro-ileac anastomosis Results in these 
animals were m every way comparable to those in which the pouches were attached 
directly to the abdominal wall 

The animals were trained until they became content to he on a table for 
hours without restraint, which to a large degree eliminated any possible psychic 
interference with secretion Two series of experiments were done, each on animals 
with pyloric and fundic pouches, both after fasting and after test meals of 100 
Gm of meat and 250 cc of water In the first senes, from 10 to 15 cc of hydro- 
chloric acid of known reaction was instilled into a pouch, and about 1 cc was 
withdrawn at intervals of half an hour The reaction of these specimens was 
determined by the quinhydrone electrode as described by Mann and Bollman These 
determinations were done to decide whether readings of reaction were a true index 
of acidity of the content 

In the second series of experiments fractional specimens of the contents of the 
pouch were not analyzed Determinations of changes in reaction and in free, com- 
bined and total acidity were made Hydrochloric acid of known strength 
(approximately twentieth-normal) was instilled into a pouch and allowed to remain 
therein for from one to three and a half hours in different experiments, and then 
was removed Free and total acidity were determined by titration against tenth- 
normal sodium hydroxide, and the content of chloride by precipitation with a 
known amount of sillier nitrate and by titration of the excess silver against an 
equiv'alent solution of ammonium thiocyanate Differences in volume were noted 
as evudence of secretion or possible absorption These experiments were repeated 
with sulphuric acid 


marked 


RESULTS 

The vaiiations in leaction throughout the first series were not 
In the p3 lone pouches there was a rise in acidity averaging 


22 Mann, F C , and Bollman, J L Reaction of Content of Gastro-Intestinal 
Tract J A M A 95 1722 (Dec 6) 1930, A Method for Making a Satisfactory 
Rstula at Any Lev'el of the Gastro-Intestinal Tract, Ann Surg 85 794 (March) 

23 Goldberg, S L, and Mann, F C A Satisfactory Alethod of Preparing 

Fundus Gastric Pouches, Ann Surg 94 953 (Nov) 1931 ^ 
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appi oximately 0 6 of a unit, in the group of animals with fundic 
pouches the increase was somewhat less (table 1) The second series 
of expel iments uas more fruitful In an experiment in uhich 10 cc 
of hydrochloric acid of known strength was injected into a pyloric 



The first stage m making a pjloric pouch (after Priestley and Mann) is indi- 
cated by a, the completed p\loric pouch by b 

pouch and allotted to remain foi one hour, the chloride content invari- 
ably lose, at times 100 pei cent oi moie The total acidit} vaiied but 
little , this could be explained adequately by dilution, which at best was 
not marked Within an hour, hotvevei, about 20 per cent ot the free 
aciditt became combined, reaching 40 pei cent in some experiments 
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(table 2) The same expenments on dogs with fundic pouches gave 
compaiable results (table 3), showing the regulatory mechanism com- 
mon to both portions of the stomach In piactically every experiment 
the volume of the content increased, thus showing that secretion into 

Tabie 1 — Deieiinmatxons of the pn of Samples Removed fiont Gasttic Pouches at 
Intervals Aftet Inshllatwns of Acid 


Initial pii oi content of pouch 
pn of acid instilled* 
pn of content of pouch 
Thirty minutes later 
One hour later 

One and five tenths hours later 
Tno hours latert 


Pyloric Pouch Pundic Pouch 


Fasting 

After 
Test Meal 

I* 

Fasting 

After 
Test Meal 

6 27 

6 36 

4 73 

4 52 

1 41 

141 

164 

164 

1 34 

1 59 

171 

1 69 

1 67 

1 75 

1 75 

173 

1 73 

1 92 

1 SI 

1 75 

2 12 

212 

ISO 

1 S3 


* The amount of acid instilled nas lO, 10, 15 and 15 cc , respectively 
t The amount of acid recovered was 4, 4, 10 and 13 cc , respectively 


Table 2 — Changes in 10 Cc of Hydiochloitc Acid Instilled into a Pylonc Pouch 
of a Dog and Removed Aftei One How 


Volume, 


Cc 

Pasting 

Acid instilled 10 0 

Content removed 11 0 

After Feeding 

Acid instilled 10 0 

Content removed 115 



Acidity* 

.X 


Chlorides, 
Mg for 
Eaeh 

100 Cc 


Free 

Com 

bmed 

1 

Total 

Pn 

28 

0 

28 

220 

1 94 

20 

5 

25 

360 

2 00 

28 

0 

28 

220 

1 94 

20 

5 

25 

330 

2 01 


* In all tables acidity is expressed in terms of cubic centimeters of tenth normal sodium 
hydroxide required to produce end point in lOO cc of content 


Table 3 — Changes in 10 Cc of Hydiochloitc Acid Instilled into a Fundic Pouch 
of a Dog and Removed Aftei One Hour 


Volume, 


Fasting 

Acid instilled 10 

Content removed U 

After Feeding 

Acid instilled 10 

Content removed 12 



Acidity 

A 


Chlorides, 
Mg for 
Each 

100 Cc 


Free 

Com 

bined 

Total 

Pn 

28 

0 

28 

220 

194 

20 

4 

24 

450 

2 06 

28 

0 

28 

220 

194 

IS 

6 

24 

400 

2 02 


the pouch had taken place Feeding had little apparent effect on the 
1 esults 

All the piecedmg expenments m the second series weie repeated, 
an approximately twentieth-normal solution of sulphuiic acid being 
used Theie vas an invaiiable rise in the chloride content from the 
initial zeio, and changes in acidity were similar to those obtained when 
hydrochloric acid was used which is evidence that the presence of a 
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high enough concentration of h3’^diogen ions inhibits the secietion of 
acid by the stomach, regaidless of what negative radical it ma} be 
linked with (tables 4 and 5 ) 

To determine if possible the extent to which the drop in fiee acidity 
^\ould take place, acid was left in pouches for vai3ang periods up to 
three and a half hours In an experiment performed after feeding an 

T \BLE 4 — Changes in 10 Cc of Snlphmic Acid Inshllcd info a P\louc Pouch of 
a-Dog and Removed Aftei One Hoin 


Volume, 

Cc 


Fasting 

Acid Instilled 10 

Content remo^ ed 11 

■Vttcr Feeding 

Acid instilled 10 

Content removed 12 



Acidity 


Chlorides, 
Mg for 
Each 

100 Cc 


Free 

Com 

bined 

> 

Total 

V\1 

30 

0 

50 


197 

40 

') 

45 

220 

0 22 

30 

0 

50 


197 

3G 

s 

44 

220 

2 21 


T\blf 5 — Changes m 10 Cc of Sulphnuc Acid Instilled into a Fundtc Pouch of 
a Dog and Removed Aftei One Hour 


Fasting 

4cid instilled 
Content removed 
\fter Feeding 
Acid instilled 
Content removed 




Acidity 

A 

Volume, 

' " 

Com 

Cc 

Free 

bmed 

10 

50 

0 

11 

32 

12 

10 

50 

0 

13 

26 

12 


Chlorides, 
Mg for 
Each 


Total 

100 Cc 

pH 

50 


2 02 

44 

180 

211 

50 


2 02 

38 

220 

2 12 


T«iBle 6 — Changes in 10 Cc of Hydi ocliloiic Acid Instilled into a Fundtc Pouch 
of a Dog 4ftci Feeding and Removed Aftei Thiee and One-Half Horns'^ 



Volume 

Cc 

f 

Free 

Acidity 

A 

Com 

bined 

Total 

Chlorides, 
Mg for 
Each 

100 Cc 

pH 

Acid instilled 

10 

28 

0 

28 

220 

218 

Content removed 

12 

0 

24 

24 

473 

516 


* Complete combination of free acid, drop m total acidity in proportion to dilution, and 
increase in content of chloride 


animal vith a fundic pouch, m vhich h3'-drochlonc acid was used, the 
free acid became totally combined m three and a half hours The total 
acidit3' dropped somewhat, but 01113’^ m proportion to the degree of 
dilution and the chloiide content rose (table 6) 

comment 

Changes in the reaction of acids instilled into pouches, although 
present v ere not sufficient to permit conclusions to be drawn It was 
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somwhat suipnsmg not to find moie definite evidence of buffei actmt} 
on the pait of the gastric juice, paiticuiarly of the pyloric secretions, suci 
as one might expect in the light of pievious work It was reasoned 
that inasmuch as theie was some change in leaction, and moie in 
pyloiic than in fuiidic pouches, possibly these determinations alone weie 
not suitable indexes of the chemical nature of the content of the pouch 
Subsequent results seemed to strengthen this view 

Secretion of a neutral chloride seems to be the only explanation of 
the 1 ise in chloi ide content Regurgitated duodenal juices and swallowed 
saliva are eliminated as possible sources of chloiides by the method ot 
piocedure Another possible cause is neutralization after secretion b} 
the gastric mucosa as hydrochloric acid If this weie the explanation, 
the total acidity should be increased, a condition that was not found in 
any expel iment As fai as present knowledge of gastric physiology is 
concerned, it must be assumed that secretion of a neutial chloiide 
explains these lesults 

Such secretion piobably has little effect on the acidity of the gastiic 
content There may be some reduction by dilution, but this at best is 
not lemaikable, and it is known that the buffei capacity of the sodium 
chloiide IS negligible It is only a coiollary of the more important 
mechanism, that of decrease m the concentration of the hydiochloiic 
acid secreted by the mucosa of the stomach when the gastric content 
becomes highly acid The nature of the acidity is unimportant, inas- 
much as sulphtiiic acid had the same inhibitory effect The old idea 
of Pavlov and of othei eaily investigators that hydrochloric acid is 
secieted at a constant concentration has been almost discarded Foster 
and Lambert, Carlson, Lim, Babkin and others have since shown that 
vaiiations can and do occui Hollander and CowgilH^ recently con- 
cluded that the concentration of the secretion of hydrochloric acid is 
constant They found a constant uppei level of acidity which the} 
believed was detei mined by the osmotic pressuie of the blood seium 
The second senes of expeiiments strengthens the view that variations 
occui, as m the actively secreting pouch the secretion of hydrochloiic 
acid was either consideiably oi entirely suppressed, and the secietion 
of a neutial chloiide took place Although a rise m total acidity was 
not found, this does not definitely establish that the low level of secie- 
tion of hydiochloiic acid is zero It was Lim’s belief that the low level 
is 0 29 pel cent Also it is difficult to determine whethei any definite 
latio exists between the neutial and the acid chlorides secreted If the 
total secretion of chloiide is assumed to be constant, there may be a 

24 Hollander, Franklin and Cowgill, G R Studies m Gastric Secretion I 
Gastric Juice of Constant Acidity, J Biol Chem 91 152 (April) 1931 
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definite ratio, but although many of the lecent workers believe this to be 
true, the fact has not as yet been established 

The drop in free acidit}^ with the concurient rise in combined 
acidity must be explained, iii the light of present knowledge, as the 
result of combination of acid with mucin, as was Foster’s contention 
Recent work by Fogelson showed that 1 Gm of mucin will combine 
with from 12 to 15 cc of tenth-normal hydiochlonc acid, and mucin 
was the only known substance present in these pouches that could com- 
bine ^Mth free acid m the experimental procedure used The part it 
plays becomes more impoitant when the rate of secretion is low, as 
the constant basal secretion combines with a greater propoition of the 
total secretion at such a time The so-called “alkaline pyloiic juice” is 
practically entii ely mucus, as shown by Ivy and Oyama and by Lim 
and Dott 

The extragastric factors that play a part in this regulation must be 
considered Few, if any, physiologic mechanisms are influenced or 
legulated by only one factor, and the regulation of gastric acidity is 
undoubtedly no exception to the general rule Indeed, it is fortunate 
that seveial factors aie involved That regurgitation of alkaline duo- 
denal juices does occur cannot be doubted, and that some neutrali- 
zation takes place following this is axiomatic It should be consideied 
an associated phenomenon and not the only or most important factor, 
as Its advocates would make it, for it is known that regulation is ade- 
quate without it It IS impossible even to guess at the relative signifi- 
cance of the extragastric and inti agastric mechanisms at any particular 
time When there is a large gush of alkaline fluids through the pylorus, 
this may become momentarily more significant , when regurgitation 
does not take place, the mtragastnc mechanisms are more significant 

Swallowed saliva ma}^ reduce acidity, although it may play only 
a minor part It is estimated^® that 1,500 cc of saliva is swallowed 
daily virtue of its volume alone, its mucin content and its bufiter 
salts,®® it IS conceivable that the swallowed saliva might be a minor 

25 Foster, N B The Chemical Affinity of Mucus for Hydrochloric Acid, 
Am J M Sc 133 303 (Feb ) 1907 

26 Fogelson, S J The Treatment of Peptic Ulcer with Gastric Mucin 
Preliminary Report, J A M A 96 673 (Feb 28) 1931 

27 Ivy, A C, and Oyama, Yutaka Studies on the Secretion of the Pars 
Pjlonca Gastri, Am J Physiol 57 51 (Aug) 1921 

28 Lim, R K S , and Dott, N M Observations on the Isolated Pyloric 
Segment and Its Secretion, Quart J Exper Physiol 13 159, 1922 

29 Bidder and Schmidt, quoted by Mathews, A P Physiological Chemistr 3 ', 
ed 3, New York, William Wood & Company, 1923 

30 Alarshall, J A Etiology of Dental Caries, Physiol Rev 4 564 (Oct ) 
1924 
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factor McClendon has expiessed the belief that sain a may com- 
pletely neutiahze acidity when the stomach is almost empty 

Ingested food stuffs reduce acidit} by absorption, b}- actual neutiah- 
zation if they are alkaline and by dilution If the buffer capacity of a 
particulai food is sufficient, this may be a factor, at best lelatively 
unimportant 

SUMMARY 

Acid of known leaction, titiatable acidity and chloiide content was 
instilled into isolated pyloric and fundic pouches of fasting and actively 
secieting dogs, and after varying inteivals these factois weie ledetei- 
inined and changes noticed 

Deteiminations of reaction by themselves are not an adequate index 
of chemical changes in the gastiic content 

The buffering ability of the secietions of the pyloiic segment is 
somewhat better than that of the fundus 

Evidence is produced to show that mtiagastiic legulation of acidity 
IS piobably bi ought about by thiee factors (1) reduction of the con- 
centiation of secreted hydiochloiic acid when mtragastnc acidity has 
1 cached a ceitain level, and, as its coiollaiy (2) secietion of neutial 
chloiide by the stomach, which plays a lather minor part by dilution, 
and (3) a combination of gastric mucin or an unknown substance with 
flee acid 

31 McClendon, J F Acidity Curves m the Stomachs and Duodenums of 
Infants, Plotted with the Aid of Improved Methods of Measuring Hydrogen Ion 
Concentration, Am J Physiol 38 191 (Aug ) 1915 



CHEMISTRY AND METABOLISM IN EXPERI- 
MENTAL YELLOW FEVER IN I\IACACUS 
RHESUS MONKEYS 

V ACID-BASE AND ELECTROLYTE EQUILIBRIUM 
A MAURICE WAKEMAN, MD 

AND 

CLARE A MORRELL, M A 

NEW \ ORK 

It has already been pointed out that in the last stages of fatal yellow 
fe\ei in Macacus ihesus the uiinary excretion of organic acid and 
phosphates is consideiably increased In the piesent paper are reported 
the results of more extensive studies of the acid-base and electrolyte 
equilibrium in this disease 

METHODS 

The general experimental procedures outlined m the first paper of 
this series - have been carefully followed 

The electrolytes of the serum were determined by procedures 
essentially the same as those described by Peters, Wakeman, Eisenman 
and Lee ® Blood was withdrawn and serum separated, with anaerobic 
precautions, by the technic of Austin and his co-Avorkers ^ 

Blood was collected AVithout stasis from the heart, the femoral artery 
or the A’^ems of the upper extremities In certain of the normal animals 
attempts Avere made to AvithdraAV venous blood without anesthesia 
HoAATver, it soon became eAudent from the Ioav values for carbon 
dioxide that this method could not be employed The reduction of 

Submitted for publication, Aug 8, 1931 
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carbon dioxide was appaiently due to the exercise of stiugglmg In 
one expel iment, samples of blood taken at iiiteivals showed a progres- 
sive fall in carbon dioxide as struggling continued It theiefoie pioved 
necessary to use amytal anesthesia Bolligei and Maddox ^ and 
Chambers, Deuel and Milhoiat® have shown that am}tal does not altei 
the carbon dioxide absorption curve of the blood In one experiment, 
blood taken under local anesthesia from the vein of a monkey 
that remained quiet duiing the procedure, was found to contain 53 8 
per cent by volume of carbon dioxide Blood withdrawn one hundred 
and sixty minutes later when the animal was thoroughly anesthetized 
with amytal contained 54 3 per cent by volume It was therefoie con- 
cluded that the effect of amytal on the carbon dioxide content of the 
blood was not great enough to influence expeiimental data significantly 
In most experiments on nionke 3 's with yellow fever, anesthesia was 
employed In a few instances moribund animals, too stuporous and 
piostrate to offer any lesistance to the procedure, were bled without the 
production of anesthesia or when a local anesthetic was used It is 
believed that values for caibon dioxide secured under these conditions 
weie comparable to those secuied from active animals under amytal 
Serum proteins appeared to be inappreciably affected by struggling 
and anesthesia 

Carbon dioxide of seium was determined b}' the method of Van 
Slyke and Neill chloride, by the procedure of Van Slyke,® calcium, 
by that of Kramer and Tisdall,® and inoigamc phosphoius, by that of 
Fiske and Subbarow Total base was determined by a modification 
of Stadie and Ross’ adaptation of Fiske’s urine method For the 
determination of proteins 1 cc of seium was diluted to 25 cc with 
physiologic solution of sodium chloiide, and 10 cc aliquots weie sub- 
jected to a macro-Kjeldahl proceduie Albumin and globulin fi actions 
were separated by the method of Howe and analyzed in the same 
manner 

The base-combining power of the various acid fi actions was 
estimated by means of the factois emploj^ed by Peteis, Wakeman, 
Eisenman and Lee ® 

5 Bolhger, A, and Maddox, K M J Australia 1.510, 1930 

6 Chamber, W H , Deuel, H J , Jr , and Milhorat, A T J Biol Chem 

75 422, 1927 

7 Van Slj^ke, D D , and Neill, J M J Biol Chem 59 523, 1924 

8 Van Slyke, D D J Biol Chem 58 523, 1923 

9 Kramer, B , and Tisdall, F F J Biol Chem 47 475, 1921 

10 Fiske, C H , and Subbarow, Y J Biol Chem 66 375, 1925 

11 Stadie, W C, and Ross, EC J Biol Chem 65 735, 1925 

12 Howe, J P J Biol Chem 49 93, 1921 
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EXPERIMENTAL RESULTS 

The only important electiolyte disturbances that seemed to be 
distinctly leferable to }ellow fever involved protein, bicarbonate, 
phosphate, the undetermined acid fraction and calcium Total base 
shoved a laiger range of variation among animals with yellow fevei 
than among normal animals, but there was no especial tendency to 
eithei reduction or increase of the bases For the most part chloiide 
remained unaltered during yellow fever In two instances considerable 
1 eductions were encountered, 91 7 milhequn alents and 89 5 milhe- 
quivalents, respectively In both of these instances bicaibonate was 
also greatly reduced There is no evidence in the expeiiments of 
excessive loss of chloride by vomiting or by other extrarenal modes of 
excretion It seemed probable, therefore, that the chloride i eductions 
m these cases were comparable to those described by Peteis and his 
associates in diabetic acidosis, chloride apparently yielding its base to 
aid bicarbonate m the neutralization of foreign acids 

In chart 1 the proteins of normal monkeys and of monkeys with 
yellow fever are compared The abscissas in this chart represent the 
pel centage of protein m serum The ordinates in the two lowei sections 
of the chait indicate the number of observations The spread of serum 
protein in normal monkeys seems \ery great The two determinations 
below 5 per cent, 4 46 and 4 39 per cent, respectively, were obtained 
on the same day from two small monkeys used for experiments with 
glycogen which have been described m an earlier paper of this series 
The gieat discrepancy between these two observations and the others, 
coupled with the fact that both were determined on a single day, suggests 
the introduction of some anal 3 d;ic error Of the four determinations 
111 which the proteins were below 5 7 per cent, one was secured from a 
monkey that was recognized to be distinctly sickly and two came from 
landom studies of monkeys taken from the normal stock cage The 
term “normal” as applied to those monkeys is entirely a relative one, 
all that can be said with certainty is that they were not suffering from 
yellow fever oi any ob^ lous serious illness Of the twenty-eight obser- 
^ ations made, twenty-one lay between 5 7 and 7 4 per cent It is 
probable that this more nearly defines the limits of variation in truly 
normal monkeys, although in animals selected as were those used for 
studies on yellow feAer these limits probably must be extended down 
to 5 per cent 

The middle portion of the chart (II) shows the serum proteins in 
monke 3 "S with 3elIow fever The numerals in the squares indicate the 

13 Peters, J P , Bulger, H A , Eisenman, A J , and Lee, C J Clin 
InA'estigation 2 167, 1925 
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day of the disease estimated fiom the time when the temperature hist 
became significantly elevated In foui instances, indicated by interroga- 
tion maiks, the day of the disease was unknown because the monkeys 
weie taken at random from stock yellow fe^er animals It is at once 
apparent from the chart that the serum proteins aie greatly reduced 
during the course of yellow fever, and that the reduction has a general 




Chart 1 — The serum proteins in yellow fever The abscissas represent percent- 
age of proteins In I, the ordinates represent per cent of albumin (x) and globulin 
(O) m monkeys with yellow fever In II and III the ordinates represent number of 
observations in monkeys with yellow fever and m normal monkeys, respectively 
The numerals m the squares m II indicate the duration of the disease in days, 
calculated from the onset of fever 


tendency to inciease with the duration of the disease In general, the 
low figures, indicating short febrile periods, he to the right of the chart, 
the high figures, longer febrile periods, to the left There are some 
exceptions to this lule This may be due to variations m the severity 
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ot the disease, which cannot be evaluated, and the fact tliat the onset 
of fe\er is not a perfect criteiion of the onset of the disease 

In the top section of chart 1, the abscissa again lepresents the per- 
centage of total proteins The ordinate, on the othei hand, repiesents 
the percentage of albumin and globulin found in those instances in 
which the proteins were fractionated Obseivations on two noiinal 
monkeys indicate that the proportions of albumin and globulin in the 
seuim of macacus are quite similar to those repoited m human serum 
It IS apparent that as the proteins fall the concentration of albumin 
steadily diminishes There is apparent!}' a parallel fall in globulin 
However, it becomes evident on furthei anal) sis that the globulin 
fi action during the first days of the disease, when the proteins are still 
high, has a tendency to he above the normal level, while albumin often 
shows signs of diminution One can conclude that m the early stages 



Chart 2 — The serum bicarbonoate m yellow fever The abscissas represent 
niilhequivalents of serum bicarbonate Ordinates represent the number of observa- 
tions m monkeys with yellow fever (/) and normal monkeys (//) The numerals 
in the squares in / indicate the duration of the disease m daj'S, calculated from 
the onset of fever The letters in the squares m II indicate that amjtal (A) or 
local anesthesia (jV) ivas emploved 

Ot the disease there is an mitital rise of globulin wdnch passes off as 
the disease progresses, wdnle albumin is steadily depleted from the onset 
to the termination 

In chart 2, the seium bicarbonate of normal monke}s (II) is com- 
paied with that of animals with yellow fever (I) In the normal series 
the blank squaies repiesent animals bled without anesthetic, squares 
marked A, animals anesthetized with amytal , and the one square 
maiked N, the obseivation noted before m wdnch local anesthesia w'as 
employed For reasons alread) discussed, it is believed that only the 
data secured under anesthesia can be consideied as showing a noiinal 
content and can be used for compaiison with the figures foi }ellow 
feter The normal range coveied by these figures coincides wnth the 
normal limits of vaiiation found m human beings 
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There is an obvious tendency for bicarbonate to decrease in the 
comse of yellow fe\er Howe\er, this fall is not quite so consistent 
nor so closely related to the duration and severity of the disease as is 
the reduction in protein 

Inorganic phosphate of serum was fiequentl}% but not invaiiabh 
increased in the terminal stages of yellow fever In eight determina- 
tions on normal animals, values of serum phosphorus varied from 2 5 
to 7 mg per hundred cubic centimeters (from 1 5 to 4 milhequivalents) 
In nine determinations on monke)'S with yellow fever, four were above 
this limit, vaiying from 8 6 to 15 7 mg per hundred cubic centimeters 
{'Iiom 5 to 9 1 milhequivalents) In most instances high values for 
phosphate were associated with striking reductions in bicarbonate This 

T \BLi: 1 — Total Scuim Elect) olyte Balance m Monkeys ruith Yellow Fevci 
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1 

3 

81 

14 3 

91 7 

50 

152 0 

1191 

32 9 

Just after death 

2 

6 

10 7 

14 2 

108 2 

29 

164 0 

136 0 

28 0 

Moribund 

0 

2 

15 8 

22 4 

113 0 

* 

177 0 

(153 5) 

(23 5) 

First day of fever 


3 

12 9 

18 8 

112 0 

* 

158 6 

(146 0) 

(12 6) 

Still active 

5 

1 

15 6 

11 4 

124 5 

91 

180 5 

160 6 

19 9 

Prostrated 

6 

4 

87 

210 

110 0 

1 9 

163 5 

141 6 

21 9 

Prostrated 

7 

n 

O 

131 

24 7 

109 0 

34 

159 5 

150 8 

87 

Still lively 

S 

1 

15 5 

24 9 

109 6 

53 

163 5 

145 3 

18 2 

Still lively 

9 

5 

78 

14 5 

89 5 

57 

149 0 

117 5 

31 5 

Prostrated 


* In tlie«o cases inorganic pliosphate Tras not determined For the calculation of total and 
undetermined acids it is assumed that the concentration of phosphate in the serum ivas 
2C milliequivalcnts 

is illustrated in table 1 It is, however, also evident from this table 
that the acidosis is not caused chiefly b}'^ accumulation of phosphate 
In presumably noimal animals, calcium was extremely variable 
ranging fiom 7 6 to 10 6 mg per hundred cubic centimeters The 
majoiity of observations lay within the limits usually accepted as normal 
for human beings, from 9 6 to 10 6 mg per hundred cubic centimeters 
In three instances of twelve, in yellow fever, calcium values were lower 
than any observed in normal monkeys The obsen^ations were made 
in such a random manner that it is impossible to correlate these reduc- 
tions with disturbances in other factors or to establish any certain con- 
nection between them and the disease The great majority of figures 
foi seium calcium m 3 ’-ellow fever distribute themselves in much the 
same manner as do the figures obtained from normal subjects 

EXCRETION or ACID METABOLITES 

Tlie excretion of chlorides, inorganic phosphorus and organic acids 
has been measured during control, febrile and terminal periods in 




Table 2 — Chloudc Phospliotus and Oi game Acid E-ioctwn 
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monkeys infected with yellow fevei Results of tliiee such experiments 
aie presented m table 2 

Macacus rhesus M3 was a large healthy male fed on diet no 1 - It 
was inoculated on September 1 and again on Septembei 10 The 
animal had a fever on September 5 and 11, but recoveied and vas 
subsequently immune to yellow fevei 

Macacus ihesus M5 was a laige, healthy female fed on diet no 2 
Inoculated on September 22, it showed fevei on Septembei 25, 26 and 
28, and died on September 30 

Macacus rhesus MIO was a small, unhealthy female fed on diet 
no 3 It was inoculated on November 2 and died on No^ ember 5 
after one day of fevei 

In the three examples piesented for consideration two animals died 
of yellow fever and one recovered from the disease 

The excretion of cliloride m the mine of M3 duiing the first contiol 
period was greater by 80 mg per day than the intake of chloride, 
therefore the balance was negative During the three lemaining periods, 
however, there was a positive balance with no significant variation 
between normal and febrile periods Organic acid and phosphoius 
weie excreted m much larger quantities m the febrile than m the normal 
peiiods 

Essentially the same results were obtained in the two fatal cases, 
namely, an increase in the output of oiganic acid and phosphorus during 
the disease, with relatively no vaiiation in the chloride in the urine 

COMMENT 

These experiments seem to have established the fact that in yellow 
fevei the serum proteins tend to fall steadily, chiefly at the expense of 
albumin, after an initial use of globulin Determinations of fibiiiiogen, 
which will be reported latei, reveal striking increases in this protein 
fi action It IS not unlikely that the early increases m globulin and 
fibrinogen are merely lesponses to an inflammatory process Similai 
incieases have been lepoited in most mflammatoiy or infectious 
piocesses^^ The pathogenesis of the deficit in albumin is less clear 
Uiinal 3 'ses on a large number of monkeys revealed relatively slight 
albuminuiia Therefore, it seems unlikely that loss of albumin thiough 
the kidneys can play an impoitant role Although it has been shown 
that nitiogen destruction is greatly increased in the couise of the dis- 
ease,^ the duiation of yellow fever is so brief that malnutiition of a 

14 Bruckman, F S , D’Esopo, L M , and Peters, J P J Clm Iin estigation 
8 577, 1930 Rowe, A H The Albumin and Globulin Content of Human Blood 
Scrum in Health, Syphilis, Pneumonia and Certain Other Infections Arch Int 
Hed 18 455 (Oct) 1916 
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sufficient degiee to aftect serum albumin greatly is somewhat unlikely 
In pneumonia in human beings, m spite of extreme toxic destruction of 
piotem, serum albumin is usually only slightly reduced^® 

From table 1 it is possible to evaluate the various factois that 
may be responsible for the deficit of bicarbonate in yellow fever The 
lack of correlation between bicaibonate and either base of chloride has 
already been mentioned Although in man)'' instances phosphate pla3's 
a significant role in the production of the acidosis, it is not usually the 
most important factor and may remain normal even when bicarbonate 



Chart 3 — The undetermined acid of serum m yellow fever The abscissas 
represent imlliequnalents of undetermined acid in serum In I the ordinates 
represent milhequivalents of bicarbonate m normal monkeys (indicated by dots) 
and in monkejs with yellow fever (t), respectively In II and III ordinates 
represent the number of observations in monke 3 s with yellow fever (//) and in 
normal monkeis (///), respectively The letters A in the squares in III indicate 
that amital anesthesia was emplo 3 ed 

IS gieatl) 1 educed The one element of the acid-base balance which 
IS consistent!) i elated to the deficit in bicarbonate is the undetermined 
acid fraction In chart 3, which is composed like chart 2, II and III 
represent the concentrations of undetermined acid in monkeys with 

15 Sunderman, F W , Austin, J H , and Camac, J G J Chn Investigation 
3 37, 1926 
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}ellow fe\er and m normal monkejs, respectnel} Among the normal 
animals only those marked i e the anesthetized animals, can properly 
be compared with the animals haMiig 3'^ellow fevex In the latter there 
IS a tendency for the undetermined acid fraction to increase as the dis- 
ease progi esses In section I of the chart the increase of undetermined 
acids is seen to be inversely related to the bicarbonate deficienc} In 
this chart the dots represent comparisons made m normal inonke3"S , the 
crosses, those made 111 animals with 3^eIIow fever High \alues for 
undetermined acids and low lalues foi bicarbonate among the normal 
animals were found in those that w^ere unanesthetized The undeter- 
mined acid is presumabl3 lactic acid, a product of exeicise The general 
trend of the relation between undetermined acid and bicarbonate in 
animals with yellow^ fe\er is much like the similar relation in normal 
animals 

From the fact, alieady demonstrated,^ that uiinary organic acid 
inci eases in yellow fever, it is natural to infer that the undetei mined 
acids that accumulate in the serum aie organic 

Hypeiphosphatemia is probabl3 likewise connected with the inci eased 
urinary phosphate excretion ^ The inorganic phosphate is presumably 
derived fiom the destruction of oiganic phosphorus compounds In 
the terminal stages of the disease a diminished volume of urine or 
anuria may exaggerate the effects of tissue destruction 

SUMMARY and CONCLUSIONS 

The concentration of pioteins in the serum of monke3S diminishes 
during the course of 3ellow fever The reduction is chiefl3 at the ' 
expense of the albumin fraction In the eaily stages of the disease 
globulin rises 

In the terminal stages of the disease serum bicarbonate is usually 
1 educed, often to a considerable extent The reduction is due chiefly 
to accumulation of undetermined acids, probably organic and, to a 
lesser extent, of inorganic phosphate 

No characteristic alterations w-ere found in the concentrations of 
base and chloride in the serum or in the urinar3^ excretion of chloride 



PROTEOLYTIC LEUKOCYTIC ENZYME IN LEUKEMIA 

A STUDY MADE BY A QUANTITATIVE METHOD 
JEAN V COOKE, MD 

ST LOUIS 

Since the demonstiation of a lather high degree of proteol3tic 
enzyme activity in the granular polymorphonuclear leukocytes, the 
presence of such leukoprotease m these and other cells of the blood 
has been studied m various conditions,^ as, for example, the presence 
of feiments in the abnormal granular and nongranular cells present in 
the blood in leukemia No studies have been reported since the develop- 
ment of modern microchemical methods In this paper the lesults of 
the study of proteolytic ferment by a method applicable to small 
amounts of blood are described 

One point of interest m the proteolytic enzyme m the abnoimal cells 
of leukemic blood concerns the possible relation of these cells to normal 
lymphocytes or to the myeloblasts of the bone marrow Small amounts 
of proteolytic enzymes have been described in almost all cells, and 
normal lymphocytes possess little more than othei types of cells, while 
fthe gianular polymorphonuclear leukocytes and myelocytes have a very 
high degree of proteolytic activity The piesence of a relatively laige 
amount of protease m the cells m acute leukemia, therefore, would give 
support to the belief that the nongranular mononuclear cells piesent are 
closely allied to the maiiow elements and should be considered myelo- 
blasts or “premyeloblasts” rathei than lymphocytes Certain authors 
(e g , Longcope and Donhauser ^ and Longcope and Cooke have 
concluded that in certain cases of acute lymphatic leukemia the cells 
possess pioteolytic activity of a character very similar to that of the 
gianulai myelocytes and should be considered as forerunneis of these 
cells Othei obseiveis have not found such proteolytic activity in the 

Submitted for publication. Sept 22, 1931 

From the Department of Pediatrics, Washington University School of Medi- 
cine, and the St Louis Children’s Hospital 

1 Detailed reference to much of the earlier work may be found m the mono- 
graph bj Noel Fiessinger, “Les ferments des leucocjdes,” Pans, Masson 6L Cie, 1923 

2 Longcope, W T , and Donhauser, J L A Study of the ProteolyTic Fer- 
ments of the Large Lymphocytes in a Case of Acute Leukemia, J Exper kled 10 
617, 1908 

3 Longcope, W T , and Cooke, J V A Preliminary Note upon the Enzymes 
and the Leukocytes in A.cute Leukemia, Proc Path Soc, Philadelphia 14 104, 
1911 
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cells m acute leukemia, and Fiessinger ^ stated that of twenty-two such 
cases reported in the literature only one-half have shown pioteolytic 

f ei ment 

The ideal type of blood for the estimation of leukocytic protease 
activity IS one m which a single variety of leukocytes greatly pre- 
dominates When polymorphonuclear leukocytes are present in any 
considerable number, their proteolytic activity may be confusing in the 
mteipietation of the results In many instances the abnormal cells 
picsent in acute leukemic blood form from 80 to 90 per cent of the 
cells piesent Any pioteolytic activity piesent in such blood can be 
more leadily lefeired to a single type of cell 

The methods used in previous studies have been similar Blood was 
collected either during life oi immediately after death, citrated and 
centiifugated The huffy layer of leukocytes above the red coipuscles 
was lemovecl by a pipet and washed with physiologic solution of sodium 
chloiide to remove seium and its antiferment, and the leukocytes weie 
suspended m salt solution Piotease was determined by placing a cei- 
tam amount, usually 1 cc, of this leukocyte suspension m a measuied 
quantity of coagulable piotem, (e g, heated seium watei) in neutial 
01 slightly alkaline leactioii and incubating for five days at 37 C, 
toluene being added to pi event bacterial pioteolysis At the end of 
the peiiod estimations of nonpiotem nitrogen were made by the Kjel- 
dahl method on the filtiate after removal of the undigested coagulable 
piotein by boiling with acetic acid and magnesium sulphate buffer The 
amount of piotease piesent was estimated by obtaining the difference 
in nonpiotem nitiogen found in the tests and that piesent in the unin- 
octilated contiols or in controls to which weie added leukocytes heated 
to destioy then feiment Some obseivers detei mined the amount of 
digestion by titration of the amino-nitrogen by the foimaldehyde method 

AUTIIOR''s METHOD 

Tlie method used in this study differs from those previously employed in that 
the hemoglobin of the blood is used as a substrate on which the leukocytic protease 
may act, and that the use of microchemical methods allows determinations to be 
made on 10 cc of blood or less This procedure permits the study of the same 
patient at different times, and, by the recording of the results in milligrams of 
digested nitrogen per hundred cubic centimeters of blood, offers a means of quan- 
titative comparison bet\\een different samples 

At approximately the same time that a total and stained differential leukocyte 
count IS made, a sample of \enous blood is placed m a test tube nith a small amount 
of powdered sodilim oxalate to prevent clotting The total volume having been 
marked on the tube, the specimen is then centrifugated and the supernatant plasma 
rcmo\ ed and discarded, care being used to avoid taking away any cells The cells 
arc then washed three times m 0 85 per cent salt solution to get rid of the last traces 
of serum, and after the last W'asliing the same solution is added to the tube until 
the original \olume is reached This is well shaken to distribute the leukocytes 



S3S 


ARCHIVES OP INTERNAL MEDICINE 


e\enly, and 3 cc samples are placed in large test tubes with a -volumetric pipet 
These are treated as follows 1 Control — To this tube is added 21 cc of distilled 
water, 3 cc of a 10 per cent solution of sodium tungstate and 3 cc of tw'o-thirds 
normal sulphuric acid After shaking and filtering, the nonprotein nitrogen is 
determined on a sample of the filtrate and the milligrams of nonprotein nitrogen per 
hundred cubic centimeters calculated 2 Protease activity m neutral medium 
Alter the addition of 7 cc of -water and a small quantitj of toluene, the tube is 
incubated at 37 C for five da>s Then 3 cc of a 10 per cent solution of sodium 
tungstate, 3 cc of two-thirds normal sulphuric acid and 14 cc of water are added 
and the nonprotem nitrogen determination made on the filtrate 

The procedure outlined is the well known method of Fohn and Wu,* and the 
determinations of nonprotem nitrogen are carried out by acid digestion and ness- 
lerization, as usual The results are all expressed as milligrams of nitrogen per 
hundred cubic centimeters of blood 

Samples of blood without leukocytes obtained b}' taking only the low^ermost 
lajers of cells after washing with salt solution bj' centrifugation show no evidence 
ot proteoljtic actnitv 

Table 1 — Piotease Activity of the Blood of Noiiiial Childicn 


Nonprotem Nitrogen, 


C ISO 

Vge 

Leuko 

cjtes 

Polv 

morplio 

nuclears 

Ljmplio 

cytes 

Mono 

cytes 

Mg per Cent -V oluine 

Control Protease 

1 

0 

8,200 

57 

40 

3 

12 0 

120 

0 

19 

5,800 

69 

25 

6 

8 1 

123 

3 

C 

0,000 

72 

22 

6 

9 0 

116 

4 

13 

8,600 

68 

28 

4 

12 0 

103 

J 

4 

7,800 

43 

45 

12 

18 0 

170 

6 

5 

5,100 

83 

14 

3 

13 0 

170 3 

7 

3 

7,400 

84 

12 

4 

18 0 

180 

s 

9 

8,200 

70 

25 

5 

13 2 

152 


In the tables and text the results obtained in blood determinations are spoken 
01 as “protease,” but it will be understood that thej realh represent the result of 
protease activity 

RESULTS 

Noimal Blood — The lesults of the detei mination of protease in the 
blood of a gioup of apparently normal persons aie shown in table 1 
There is some vaiiation in different persons, but with leukoc}te counts 
below 10,000 and the lelative distribution of the cells within noiinal 
limits, the protease activity is such as to produce a figuie of soinewdiat 
o-\er 100 milligrams per cent of nonprotem nitiogen b} volume This 
small group -wull serve for comparison with later readings on abnormal 
leukemic bloods 

Cluomc Myeloid Leukemia — Four adult patients with t}'pical 
chionic myeloid leukemia were examined through the kindness of 
Dr Law^rence Thompson All had had the disease for at least a year, 

4 Fohn, O , and Wu, H A System of Blood Anatysis, J Biol Chem 38 81, 

1919 
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all had reccned roentgen theiapy, and all weie in a period of clinical 
j emission when the blood was tested Only one case in a child was 
studied Only brief notes of each case will be given 

Case 1 — H J S , a white man, aged 50, whose symptoms began one year pre- 
Mously, m August, 1929, had a total ieukocvtc count of 130,000, and since then 
had Iiad eight weeklj roentgen treatments When seen on Feb 4, 1930, he was m 
good condition, physical examination ga\e negatne results except for a palpable 
spleen, and the blood sliow’cd 24,200 leukocj'tes 

Case 2 — W P , a colored man, aged 28, whose first count seven months pre- 
viously had been 434,000, at the time of examination still had a much enlarged 
spleen, the leukocytes had decreased to 15,100 Two months later another 
test was made, the count w'as 149,000 

Case 3 — W T , aged 50, colored, had been under observation for two years and 
had had 600,000 leukocytes wuth from 90 to 95 per cent myeloc 3 ’'tes At the time 
the first tests were made, tlic count w'as 103,400, but five weeks later, after roent- 
gen treatment, the leukocytes had decreased to 20,000 


Table 2 — Pioicasc Activity m the Blood of Patients ivith Chionic Myeloid 

Lenlemta 


Nonprotein Nitrogen, 
Poll- Mg per Cent bj Volume 

nrnho 'M\t'lo T.vmnho Mono- ' . 
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1 

2/ 4/30 
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58 

21 

7 

12 

13 8 
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2 

1/31/30 

28 

15,100 

70 6 


27 3 

2 

13 2 

420 


3/14/30 


140,000 

20 

70 

3 

5 

32 

1,080 

3 

2/ 7/30 

50 

103,400 

40 

47 5 

3 

35 

22 5 

280 


8/14/30 


20,000 

29 

03 

5 

1 

21 

540 

1 

3/21/30 

50 

100,200 

52 

39 

4 

5 

42 4 

1,008 

G 

2/28/31 

8 

300,000 

40 

43 

4 

3 

21 

818 


3/10/31 

5/ 7/31 


23,000 

77 

11 

8 

4 

15 

215 



55,000 

03 3 

IS 8 

14 0 

28 

18 5 

1,040 


Case 4 — F S , a white man, aged 56, had had the disease about one year Six 
months before the tests were made the total leukocyte count w^as 367,000, but fol- 
lowing roentgen treatment the count diminished to 25,000 It had increased to 
160,000 when the tests w-ere made The spleen w’as greatly enlarged 

Case 5— E H, a white boy, aged 8, who had had asthenia and pallor 
for SIX months, had a greatly enlarged spleen and a leukocyte count of 300,000 A 
test was made at this time, another was made three w^eeks later, when the count 
liad dropped to 23,000, followung loentgcn therap}^, and a third after tw'o months 
more, wdien the count had increased to 55,000 

The quantitative estimation of leukoc 3 tic protease on samples of 
blood from patients with chionic myeloid leukemia together wuth 
the blood picture at the time of the tests, is showm in table 2 In all 
instances, the figuies obtained for piotease are greatly increased as 
compaicd with those obtained from normal blood The higher readings 
weie nsualK found in patients with higher leukocyte counts, but this 
relation is not constant, since m case 3, the re 3 erse is true’ In one 
instance (case 5) the blood was first examined before treatment had 
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been given, when the leukocyte count was 300,000 and showed a greatly 
increased reading for protease (818) , two weeks later, following roent- 
gen theiapy, the count had fallen to 23,000 and the protease had also 
deci eased to 215, after two months the leukocyte count had risen only 
modeiately (55,000), but the piotease figure was 1,040 It would seem, 
therefore, that the amount of pioteol 3 ^tic feiment in the granulai cells 
of the blood may vary somewhat 

The finding of an increase in pioteolytic ferment in the blood in 
chronic myeloid leukemia is in accord with the reports of other woikers 
Since both polymorphonuclear cells and myelocytes are usually present 
in large numbers in this disease, it is difficult lo determine the relative 
part pla 3 ''ed by each of these two t 3 '^pes of cells in causing the proteolysis 
Howevei, since the protease content is high no matter which type pre- 
dominates, it seems certain that both myelocytes and polymorphonuclear 
leukoc34;es contain an abundant protease in chionic myeloid leukemia 

Chi onic Lymphatic Leukemia — ^We have examined only a single 
patient with chronic l 3 '-mphatic leukemia, through the kindness of Dr 
H L Alexander 

A white man, aged 71, whose symptoms were of two years’ duration, had a 
greatly enlarged spleen, dyspnea and weakness and had lost 40 pounds (181 Kg) 
The leukocyte count was 505,000, practically all of which were small lymphocytes 
Ten days after the first count and after roentgen therapy the count was 80,000, 
with 94 5 per cent small lymphocytes, 3 5 per cent polymorphonuclears and 2 per 
cent large mononuclears At this time protease tests showed control, 13 8, pro- 
tease, 63, as expressed in milligrams per cent by volume of nonprotein nitrogen 

In this single observation a relatively small amount of proteolytic 
activity was found in the blood cells m chronic lymphatic leukemia 

Acute Leukemia — Twenty tests for protease were made for twelve 
patients with acute leukemia In every instance the disease was chni- 
call 3 '- t 3 ^pical, and m the five cases in which neciopsy was permitted, the 
pathologic changes were characteristic of acute leukemia The total 
number of leukoc 3 d:es varied consideiably in the different cases and 
even in the same patient, but in all there was a great piedominance of 
pathologic nongranular mononuclear cells Certain patients showed 
many of the “large l 3 miphocytes,” while in others onl 3 '^ small numbers 
of such larger cells were seen, and the majority were “small lympho- 
C 3 des ” In ever 3 '^ case vital and perox 3 ffiase stains were made on blood 
films Sometimes ver 3 '^ small numbers of the abnormal cells showed 
m 3 'eloc 3 dic granules, but almost all had no oxydase granules The 
patients were of the group commonly designated as having “acute 
l 3 "mphatic leukemia ” Brief mention of the striking features of each 
case IS given 
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Case 1 — C W. a white boj, 11 joars old, had petechial hemorrhages m the 
skin, greatly enlarged Iner and spleen and l'e\er Acute symptoms had been 
present for one week 

2 — D S , a 9 year old white boy had hemorrhages in the skin and mouth, 
blood in the urine, fe\er, an enlarged spleen and cervical lymph nodes The symp- 
toms were first noted six weeks previous!} 

3— R C, a white boy, 3 years old, sho\sed pallor, weakness, enlarged liver 
and spleen and fever Later there were hemorrhages in the skin of the thigh and 
face, and at necropsy leukemic infiltration of the parenchymatous organs was found 
4 ~D R, a white boy, 9 jears old, had had several attacks of fever, last- 
ing a week or more The spleen was enlarged, and on examination marked anemia, 
fever, petcchiae and weakness were noted 

Case 5 — O McN , a white boy, 6 years old, had greatly enlarged cervical and 
mediastinal glands and spleen, with some cutaneous petechiae The symptoms were 
almost entirely due to respiratory obstruction, and there was only slight fever The 
child died a few hours after having been given roentgen therapy Necropsy showed 
typical leukemic infiltration of the tissues, especially of the mediastinum 

Casf 6 — W S , a 5 1 ear old white boy, had a large mediastinal tumor, dyspnea 
and a slightly enlarged spleen There was no hemorrhage or fever, and the symp- 
toms were entirely those of respiratory obstruction 

Case 7 — A B, a colored boy, 13 years old, had complete flaccid paralysis of 
legs and a bladder and rectal sphincters, apparently due to leukemic tumor m, or 
pressing on, the spinal cord He was not acutely ill, and except for the paralyses 
would not have sought medical aid 

Case 8 — In E S , a white woman, 30 years old, whose symptoms began four 
months before death, the spleen was greatly enlarged, and there was general 
glandular swelling There was progressive weakness but no hemorrhage The 
leukocytes numbered 30,000 two months before death, with 98 per cent lymphocytes 
After intravenous treatment with antimony and potassium tartrate they had fallen 
to 8,000 when the first test was made A second test was made two weeks later 
after the leukocj^tes had risen to 21,000 There was a moderate continued fever 
until a few days before death, vvdien the temperature became subnormal Marked 
asthenia characterized the last weeks of the disease Necropsy revealed typical 
lesions of acute leukemia 

Case 9 — D K, a white bo 3 % 10 years old, was acutely ill with ecchymotic and 
purpuric hemorrhages of the skin, enlarged ccrvucal glands and spleen, and fever 
The lcukoc 3 des numbered 200,000 on admission, but fluctuated considerably, reach- 
ing 4,800 at one time The patient continued to be prostrated during the following 
month, with fever and, at times, severe abdominal pain At necropsy a typical 
picture of acute leukemia was found vv ith a ruptured appendix walled off by adhe- 
sions and an extensive terminal bronchopneumonia 

Case 10 H V L, a 9 3 car old white bo}, had a severe angina lasting a month, 
w ith Icukoc} tes V ar 3 mg from 500 to 3,600 The diagnosis w as agranulocytic angina 
Following twelve transfusions the patient was discharged two months after the 
onset, apparcntl} well and with a normal blood picture, except for the presence of 
a few m 3 eloc 3 tes One month after discharge he was readmitted to the hospital 
with well marked enlargement of the Ivmph nodes and spleen, some petechial hemor- 
rhages and the blood picture of acute leukemia Later, fever, marked prostration 
and toxicity were accompanied bv a great decrease m blood protease 
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Case II — M C, an 8 year old white girl, had anemia, asthenia, slight general 
glandular enlargement, a large spleen and fever 

Case 12 — S B , a 4 year old white boy, had enlarged cervical and mediastinal 
glands when the first test was made Fever, marked asthenia and enlarged spleen 
had developed when the second test was made two months later 

The single determinations of protease (cases 1 to 7) in table 3 show 
a variation of from 17 5 to 360 mg in the vaiious patients, and in one 
instance (case 10) the reading was 750 mg These variations in pio- 
tease weie appaiently not altogether dependent on the numbei of leuko- 
cytes, because some patients with high leukocyte counts gave low 
leadings for piotease and otheis with lower counts had a highei amount 


Table 3 — Blood Pictmc and Piotease Activity in Acute Leitl eiiiia 
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of protease Since it was evident that some other factoi influenced the 
amount of piotease present, an analysis was made of the clinical con- 
dition of the patients at the time of the examination of the blood 
In acute leukemia there are periods, often toward the end of the disease, 
during vhich the patient shows sti iking clinical evidence of severe sys- 
temic distui bailee, such as, for example, pyrexia, hemorrhages and 
intoxication There are also periods, usually earlier in the disease, in 
which the clinical signs ma}^ be merel}' moderate anemia and asthenia 
ivith enlargement of the spleen and lymph nodes, but without toxic 
symptoms The presence of febrile reaction usually indicates toxicity 
attiibutable to the leukemia The temperature at the time the tests were 
made has also been tabulated, and a rather striking correspondence 
between the presence of fever and a low reading for blood protease 
IS seen This is evident, not only in various patients, but also in the 
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same patient ^\hcn leadings wcie made at difleient times In every 
instance the Ion values veie found when the patient vas obviousl}^ ill 
and toxic 

The possible influence of the granulai polyinoiphonucleai leukocytes 
piesent in leukemic blood on the piotease content must be considered 
In table 3 aie tabulated the estimated numbers of these cells in each 
specimen tested It is difficult to diaw definite conclusions as to tins 
point, but 111 ceitam instances, notably case 9, a latber laige number 
of granular leukocytes was piesent in blood that was low in piotease 
This indicates that the gianular cells share with the nongianiilai leuko- 
cytes the loss of this en/.yme 

The three instances (cases 5, 6 and 7 ) in which a relatively high 
leading for blood piotease was noted occuired in children without 
fcvei 01 othei evidence of intoxication whose s 3 'mptoms W’^eie due to 
mechanical distuibances produced by localwed leukemic infiltration 
Two of them had laige mediastinal masses that caused maiked lespiia- 
toiy embai i assinent wnth cyanosis, wdiile the thud w^as paialy/ed in both 
legs from a doisal myelitis of leukemic oiigin 

Among the patients for wdiom several deteiinmations foi piotease 
w'eie made dining the couise of the disease, the one in case 10 (table 3) 
is also of consideiable interest in illustiating the appaient i elation of 
the clinical evidence of intoxication to the blood piotease When fiist 
tested, this boy w'as afebiile and free fiom toxic symptoms, although 
the lymph nodes and spleen weie modeiately enlaiged The piotease 
w^as 750 mg pei hundied cubic centimeteis of blood, similar to the high 
leadings noted m chrome myeloid leukemia About ten days latei, a 
febrile attack lasting a w^eek occuiied, and anothei test of the blood 
made wdicn the tempeiatuie had subsided somewdiat show^ed the pio- 
tcase to be only 115 mg pei hundied cubic centimeteis, although the 
total leukocyte count had inci eased markedly A w^eek latei wdien the 
leukocyte count w^as still using, the piotease reading w^as only 26 7 mg 
pel hundied cubic centimeteis At this time the patient w^as veiy toxic, 
wnth continued high fevei and hemoiihages He died thiee days later 

COMMENT 

Fiom the instances cited and the othei s shown in table 3 it would 
seem that the nongianulai cells in acute leukemia may contain piotease 
feiment to a degree compaiable to that found in the granular myelocytes 
111 chiomc imcloid leukemia This high piotease content of the cells, 
howcvei, IS demonstiable onl) before the patient has become febrile 
and toMc fiom the disease When the disease i caches the stage in 
which toxic simptoms appear, the protease of the cells is markedly 

dcci cased oi almost absent, even though the total leukoevte count is 
icn high 
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In moiphologic appeal ance the abnoimal nongranulai mononu- 
cleated leukocytes present in acute leukemia lesemble lymphocytes or 
lymphoblasts found in the lymphatic tissues, and it is common to speak 
of the disease as acute lymphatic leukemia Howevei, in the acute 
forms of leukemia, it is significant that the elements of the blood 
chiefl)^ affected are those oi igmating m the bone mai i ow, since the poly- 
morphonuclear leukocytes, the platelets and the red coipuscles are all 
constantly decreased The abnoimal nongranular cells that appear in 
the blood, by their high content of protease, seem also biologically closely 
related to bone marrow tissue, as the only other cells known to be 
characterized by such abundant protease are myelocytes and polymorpho- 
nuclear leukoc3des These facts make it much more probable that the 
abnormal cells in acute leukemia have their origin in the bone marrow, 
and that the disease should be consideied primarily one affecting the 
hematopoietic marrow tissues lather than the lymphatic tissues 

It IS true that the lymphatic glands may become enlaiged in acute 
leukemia, although this enlargement is often relatively insignificant and 
tends to occur late in the disease Mici oscopically, the cells found 
infiltrating the lymph glands aie appaiently identical with the abnormal 
nongianular mononuclear cells of the blood If these cells originate 
in the lymph glands and subsequently pass into the blood they should 
be considered lymphocytes However, there is no evidence that these 
infiltrations of the lymph nodes are not secondaiy, with the cells origin- 
ating in the marrow and passing to the lymph nodes by way of the 
blood stieam like similai cell infiltrations of the hvei, spleen and kid- 
neys, which are rathei constant in the disease The presence of con- 
siderable amounts of proteoljdic ferment in these cells is evidence that 
strongly suggests that then oiigin is myeloid rathei than lymphoid 
Their i elation to myeloblasts or other marrow cells and the nature of 
the changes that lead to the loss of protease activity during the course 
of the disease can onl}'^ be conjectured 

Since theie is some question about the justification for considering 
the abnoimal nongranular leukocytes of the acute form of leukemia as 
lymphocytes, it would seem pioper to designate the disease as “acute 
leukemia” lather than “acute lymphatic leukemia ” 

SUMMARY 

A method for quantitative determination of piotease activity appli- 
cable to small amounts of blood has been used m studying patients Avith 
leukemia The results are expiessed m milligrams of nonprotein nitro- 
gen per hundred cubic centimeters 

In chronic myeloid leukemia the blood protease was found to be 
considerably increased Although the readings usually vaiied in direct 
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relation to the Ieukoc\te count, theie ^^e^e certain exceptions that indi- 
cated that tlie piotease actnity of these cells might ^aly under ceitain 
conditions 

In the single case of chionic hinphoid leukemia studied the blood 
protease was dcci eased 

In acute lymphatic leukemia, both high and low Aalues foi blood 
piotease weie found An analysis of twenty detei mmations made on 
twehe patients indicates that the nongianulai leukocytes in acute leuke- 
mia ma)’- ha\e a lathei high piotease actnit}, comparable to that of the 
gianulai cells, but that this piotease content becomes maikedly deci eased 
111 the late stages of the disease A similai deciease in piotease activity 
of these cells accompanies toxic peiiods, shown by fevei and piostra- 
tion, w'hich may occur in the couise of the illness 

Tlie fact that the abnoimal nongianiilar leukocytes of acute leukemia 
may contain abundant protease, even though then enzyme content may 
be deci cased in ceitam stages of the disease, is interpieted as evidence 
that these cells should be considei ed moi e closely i elated to the gi anular 
myelocytes than to the true lymphocytes, and that then origin is in the 
bone maiio-w and not m the lymphatic system It seems piobable that 
the essential site of distuibance in acute (“lymphatic”) leukemia is the 
bone maiiow' and not the lymphatic s}stem 



CHRONIC GASTRIC ULCERS 

HISTOLOGIC OBSERVATIONS ON THE FACTORS UNDERLYING THE 
HEALING OF LESIONS PRODUCED EXPERIMENTALLY 
IN RABBITS 

A N FERGUSON, MD 

CHICAGO 

In 1928, I reported cytologic observations on the regenerative 
phenomena that followed the surgical removal of large areas of gastiic 
mucosa m the dog ^ These areas i epresented experimental acute gastric 
ulcers Such acute lesions healed rapidly, and the piocess was followed 
from the earliest changes to complete restoration with newly differ- 
entiated epithelium The type of cell responsible for regeneration of 
this epithelium was identified and was found to be the so-called foveolai 
cell which forms the foveolae of normal gastric glands 

Similar work was attempted m the rabbit, but it was evident that, 
with the technic employed, the process m this animal was somewhat 
different from that observed in the dog The acute lesions in the rabbit 
instead of healing tended to become chronic ulcers in a large percentage 
of the expeiiments Reports on a few of these ulceis were included 
m my previous article The successful production of such chronic 
lesions gave an opportunity for study of the healing processes in 
experimental chronic gastric ulcers I have since produced another 
senes of chronic ulcers of this kind in which the lesions varied in age 
from 3 months to more than 2 years, they represented all stages from 
ulcers with practically no healing to almost completely healed lesions 
A c}i:ologic study of this series of experimental chronic gastric ulcers 
m rabbits constitutes the present lepoit 

MATERIAL AND METHODS 

The animals used were large rabbits (mostly Flemish giants) weighing between 
4 and 5 Kg An effort was made to use old rabbits, and all of them were at least 
adults About 60 per cent were females After their recovery from the operation 
to be described, some of these animals were used for breeding purposes without 
any apparent influence on the experiments 

Submitted for publication, July 31, 1931 

From the Department of Anatomy, Northwestern Unnersit)" Medical School, 
and the Department of Medicine, University of Chicago 

1 Ferguson, AN A Cjdological Study of the Regeneration of Gastric 
Glands Following the Experimental Removal of Large Areas of Mucosa, Am J 
Anat 42 403, 1928 
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As in prcMOUs experiments reported, the animals ^\cre operated on on a full 
stomach, and food ^^as left in their cages so that they might cat as soon as the} 
chose after operation 1 heir diet consisted uniformly of carrots, oats and hay 
and, freciiicntt}, lettuce All operations were done with aseptic technic under ether 
ancstlicsia An incision was made in the anterior wall of the stomach at about the 
junction of the bodj of the stomach with the pyloric portion This original incision 
extended through the serosal and muscular coats down to the submucosa and under- 
l}mg mucosa but not through these layers One edge of the muscular coat w'as 
then lifted up, and under-cutting w'as performed through the submucosa for about 
2 cm A circular area of the exposed mucosa, at least 1 5 cm in diameter, w-as 
then excised by means of scissors, after which the original incision in the muscular 
coat was sew'cd together This left the line of suture m one side of the floor of 
the ulcer 

The primary mortalit> from these operations was rather high, death being due 
to perforation of the stomach at the site of the ulcer, perigastric abscess or inci- 
dental infections Animals that survived w'cre allowed to live for varying periods 
A senes of lesions (eighteen) w'as obtained ranging m age from 95 days to 2 
}ears, 1 month and 17 days The usual length of life of a normal Flemish giant 
rabbit is about five years Therefore, a lesion of over two years’ duration occupies 
a large part of the animal’s life cycle 


MICROSCOPIC TECHNIC 

All of the areas of ulcer w'erc pinned on cork and fixed in a formaldehyde- 
Zenkcr solution, after wdiich appropriate blocks w’cre embedded in paraffin Sections 
w'cre cut serially 5 microns in thickness The following general and differential 
stains were employed (1) Ehrlich’s hematoxylin and eosin, (2) Mallory’s connec- 
tive tissue stain, (3) iron hcmato\}lm and muci-carmme and (4) Bensley’s tricolor 
stain (Klein -) 

IvIACROSCOPIC OBSERVATIONS 

AVIien tlie animals tvere opened foi lemoval of the experimental 
tissues, sin prising!} fetv adhesions t\eie found m the region of uncom- 
plicated tilceis In some cases a collection of fatty tissue, sometimes 
as laige as an almond, was adherent to the stomach wall, but often theie 
w'as no external evidence of ulcer whatevei Especially was this ti tie of 
the older specimens 

Usually the site of the ulcei was lecognized without difficulty, and 
chionic ulcers weie plainly evident (fig 1, A and B) In paitially 
healed lesions the extent of the regenerated epithelium could be giossly 
estimated This vaiicd fiom only a small amount of epithelium extend- 
ing centially onto the flooi of the ulcei m some specimens (fig 1, C) 
to a complete coveimg in otheis (fig 2) Gradations between these 
exti ernes were collected (fig 1, D) Almost completely healed ulcers 
wcic lecogmzed by the laihke arrangement of small rugae about them, 
Iw the loughened and slightl} depressed suiface of the regenerated 
epithelium of the mucosa and by then whitish appearance in contrast 


2 klcm. R L The Granule Cells of Paneth, Am J Anat 5 315, 1906 
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to the surrounding darker mucosa The whole had a distinctly puckeied 
appearance In a few cases healing was so complete that the aieas of 
ulcer could not be recognized definitely, and such specimens were dis- 
carded as completely healed lesions unrecognizable grossly 

The mucosa just peripheral to the margin of each ulcer, especially 
m the moie chionic ones, was thrown up into many small irregular 



Fig 1 — A, surface view of a chronic ulcer 3 months and 13 days old There 
IS no apparent healing although it is only about half the size of the original lesion 
made surgically Approximately natural size B, surface view of a chronic ulcer 
2 ytars, 1 month and 17 days old It is about one half the size of the original 
lesion Approximately natural size C, surface view of an ulcer 9 months and 9 
da 3 "s old Regeneration of epithelium can be seen in the crescent indicated by the 
arrow Approximate!}’- natural size D, surface view of an ulcer 10 months and 
28 days old Considerable healing has occurred, and only a small crater remains 
Approximately natural size 

elevations instead of the usual smooth membrane (fig 1, B) This 
zone, extending about 5 mm peripherally, suggested a piling up of the 
epithelium in this region In several ulcers the linen suture string 
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placed in one side o£ the base at operation protiiided from the crater 
of the ulcei (fig 2) In some specimens this extended as a loop from 
one side of the ciatei to the othci 

A study of the table brings out two points fiist, even though an 
ulcei tends to lemain chronic (for example, 24), its size as compared 
to the oiigmal lesion deci eases consideiably Second, by itself, the 
age factoi is relatively unimpoitant Some lesions tend to heal in a 
few months while others continue then tendency tow'ard chronicity 
even aftei tw'O yeais The essential factor detei mining the late of 
healing is apparentl}’’, as wall be seen latei, the lelative balance existing 
belw'ceii the destiuctive and the lepaiative factoi s 



Fig 2 — Surface view of an ulcer 9 months and 9 daj s old It is almost com- 
plete!} healed Tlic suture string, indicated by an arrow, can be seen protruding 
ApproMinately natural sue 


Age and Stce of Ulcei s 
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MICROSCOPIC OBSERVATIONS 

The ulcers pioduced in these experiments apparently became chionic 
soon after they were foimed, and their subsequent course depended on 
whether they tended tovaid fuither chronicity or toward healing All, 
however, showed attempts at healing and repair The amount of heal- 
ing varied a great deal in the different specimens, some tending to 
remain chionic, others being paitly healed and still others almost com- 
pletely repaired A desciiption of the microscopic featuies of any one 
ulcer, would depend, therefoie, on the amount of healing effected and 



Fig 3 — A section through the cardiac side of the chronic ulcer shown in 
figure 1, B (taken from region indicated by arrow A), showing the epithelial folds 
described and the undercutting of the base at the margin The densely stained 
superficial material on the floor of the crater is the necrotic layer of the base 
Magnification, X 18 

the character of the base, inespective of its age A conception of the 
microscopic conditions prevailing can be easiest gamed by a description 
first of an ulcer with a tendency towaid chronicity, then of a lesion 
almost completely healed and, finally, of intermediate stages between 
these extremes 

Typical Chionic Ulcei — For the desciiption of an ulcer with 
chronicity, the one obtained from labbit 7 was selected (figs 1 B, 3, 4, 
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5 . 111(1 8) lins lesion \\tis made suigicalh two eeais, one month and 
s{.\cnlecn da}S before the animal was killed and the ulcer examined 
As one ajiproaehed the margin of the tilcei, fiom aicas of noimal 
‘.lom.ieh tissue, all Liters of the stomach weie giadualh inci eased in 
thickness d his condition began approximately 5 mm from the maigm 
of the ulcei Examination of the mucosal layei showed that it w’as 
composed of folds (fig 3) instead of the usual lather legulai glandular 
anangement The laigest folds boideied the ciater of the ulcei and 
tended to lean tow aid it The epithelium betw'een these folds i cached 
down lit many places almost to the mtisculaiis mucosae Parietal and 



Fig -}— A. section through the p\lonc side of the chrome ulcer shown in figure 
1, B (taken from region indicated by arrow B) The marginal epithelium extends 
out onto the surface for a short distance There is ver\ little undercutting of the 
margin at this location Magnification, X 90 


seious chief cells giadually disappeared as the maigm w^as appioached, 
^o that the last folds weie composed entirely of foveolar cells Finally 
onh a nariow run of flattened cells extended foi the distance of a few' 
cell breadths on the surface of the ulcer (figs 4 and 5) It has pre- 
MOiidy been shown that these foveolai cells are the ones responsible 
foi icgencmtion of the mucosa^ Connectnc tissue elements between 
the glands foiming tins epithelium weie mci eased over the usual amount 

and theic was some infiltiation of leukocctes, especially eosinophils 
and plasma cells 
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As the deepei layers of the stomach wall increased in thickness, 
appioaching the margin of the ulcer, the submucosa was correspond- 
ingly decreased until finall}' it disappeared altogether At the same tune, 
smooth muscle fibers diminished in number in the tunica musculaiis, 
and a compensator}'- amount of connective tissue appeared until, within 
about 1 5 mm of the maigin, the wall was composed entirely of a mass 
of connective tissue which continued into the base of the ulcer (fig 3) 
The base or floor of the ulcer was composed of two main layers 
covered externally by serosa (fig 3) The first or supeificial one may 







Fig 5 — A higher magnification of part of the section shown in figure 3, showing 
the epithelial cells extending furthest onto the floor of the ulcer Magnification, 
X ISO 

be called the necrotic layer It foimed the floor proper and occupied 
about one fifth of the thickness of the base It was composed of cell 
debris and nuclei that stained darkly with hematoxylin Many of 
these latter components were lobulated, and it is assumed that they had 
their origin m disintegrating leukocytes This surface layer changed 
rather abruptly into the underlying or connective tissue layer which 
was composed of a mass of fibroblasts and young connective tissue cells 
with many blood vessels The fibroblasts had rounded nuclei and large 
amounts of cytoplasm that extended into branched processes Apparently 
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ihc^c o(JIs ^^eJC cxlubiting great proIjfciat)ve actiMty Ihc deeper 
pait of this la}er somewhat more dense than the stratum just 
beneath the necrotic la^er It also contained some collagenous fibers 
aiiangcd mdisciiminately Many lcukoc 3 tes, especially eosinophils, 
^^clc infiltiated throughout this tissue These weie most mimcious 
just beneath the necrotic la^er Considerable undei cutting into the base 
\\a‘? piesent at the margin, iihich was accentuated b} some oveigiowth 



Fig 6 — Section from an ulcer almost healed that is conipletelj covered by 
regenerated epithelium Note the early gland anlages indicated by arrow A Some 
specialized cells (parietal and serous chief cells) are present m the region indicated 
b\ arrow B ^Magnification, X 75 

of maigmal tissue This undeicuttmg occuired just centrad to the point 
nhere the last epithelial cells extended out onto the surface of the ulcer, 
and t\as more pronounced on the cardiac side of the lesion (fig 3) 

Typical Ulcci Almost Healed —As pretiously stated it was not 
possible to recognwc n completeh healed lesion positnely, tlierefoie a 
description of one almost healed is given As a basis for this description 
the lesion from animal 9 was selected (fig 6) This lesion ^^as examined 



S54 


ARCHIVES OF INTERNAL MEDICINE 


nine months and eleven days after it was produced surgically There 
was no appreciable thickening of the total stomach wall, but the mucosa 
was about two thuds of the normal thickness, while the base was 
slightly thickei than the usual musculai coat The mucosa was thrown 
up into small folds Most of the epithelium was composed of foveolai 
and mucous chief cells, but some specialized cells, parietal and chief 
serous, weie seen These were arranged in small irregular glands with 
some connective tissue separating them Appaiently regeneration of the 
mucosa had occurred similar to that described for the dog ^ except that 
the process was slowei The underlying wall of the stomach was 
composed of a mass of connective tissue intermingled with bundles of 
smooth muscle fibers There was no regular aiiangement of these 
tissues whatsoever, and the whole had a rather compact structuie The 
mucous membrane rested directly on this tissue There was no distinct 
muscularis mucosae and no submucosa All the cell types piesent in 
both the mucosa and the deepei la)'^ers of the normal stomach were 
therefore repiesented m this healed specimen, but then arrangement 
was modified as noted Healing, theiefore, may be practically complete 
Whether or not such a healed ulcer is a vulnerable area m the stomach 
that may give rise to another ulcer is questionable 

Specimens Intci mediate Between Chronic and Healed Lesions — 
The desciiption of any ulcer intermediate between the two described 
above depends on two factors One is the amount of healing, as 
lepiesented by regenerated epithelium extending out onto the suiface 
of the ulcer, while the other concerns changes m the base Both of these 
aie a measure of the repaiative processes, if any exist, in the ulcei 
In some specimens these processes were small in amount, in others 
considerable healing had occurred, and in several it was almost complete 
In a few cases one gets the impression that healing proceeded up to a 
certain point and then for some unknown reason stopped This was 
especially true m the ulcei obtained from rabbit 23 (fig 7), which was 
ten months and twenty-eight days old Heie in the angle of the under- 
cutting in the base, many yeast cells were seen, and they may have been 
the factor responsible for the apparent delay of healing m this instance 
One negative obsenration m these expeiiments is of impoitance In 
the original report ^ a few small, isolated alveoli were recorded as being 
seen rather deep m the floor and base of the twenty-eight and forty day 
ulcers m the rabbit These alveoli were formed by a single layer of 
undifferentiated cuboidal cells, and some could be traced to the 
regenerating epithelium at the margin The possibility of a malignant 
growth developing from such alveoli was consideied In fact, the 
present work was begun for the purpose of testing whether an experi- 
mental carcinoma of the stomach would result The hypothesis was that 
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foveolar cells (which are the least diffei eiitiated cells in the gastiic 
mucosa), m then lepeated unsuccessful attempts to repan the ulcer 
defect may continue to reveit to a less diffei entiated cell type until they 
finally break away fiom cell contiol and become malignant The lesults 
did not support such a hypothesis Even though the chioiiic ulceis 
occupied a large pait of the life cycle of the animal used (the rabbit), 
m some cases (two fifths of the total number), theie was no evidence 
of carcinoma m any of the specimens 





Fig 7 — Section of the lesion obtained from animal 23 Considerable regenera- 
tion of the mucosa has occurred, but healing has apparently stopped Yeast cells 
were present in the location indicated by the arrow Magnification, X 25 


COMMENT 

A geneial consideration of all observations shows that theie is wide 
vaiiation m the healing of the experimental lesions produced in the 
gastric mucosa in diffeient labbits In some the ulcer tends to remain 
chionic, while in others it tends to heal This proved tiue even though 
the animals were fed on identical diets and kept under the same con- 
ditions The time factor, then, is relatively unimportant in considering 
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any given ulcer On the contrary, the really important features are the 
amount of healing, if any, or the degree of chionicity 

Another significant fact is that even though an ulcer remains chronic 
and without any regeneration of epithelium over its base, it neverthe- 
less tends to decrease m size when destructive processes are not too 
great This may be due to thiee factors First, there is a mass 
proliferation of epithelium back of the margin which tends to crowd the 
entire margin out ovei the base This is evidenced both by the many 
small folds seen macroscopicall)’- back of the margin and by the number 
of cells and mitotic figures seen microscopically A second possibility 
IS the loss of substance fiom the floor of the base It is conceivable 
that, as substance is lost from the floor of the ulcer by destiuctive 
piocesses playing on it, there is a compensatory shrinking of the base 
This inteipretation is supported by the appearance of the suture stung 
in the ciater of the ulcer Originally this string was placed just 
beneath the serosa at opeiation Considerable loss of substance must 
have occurred, therefore, for this suture to appear in the crater of the 
ulcer Still another possibility for this decrease in size of the ulcers is 
the contraction of scar tissue in the base, but this probably plays a 
minor role Most of the connective tissue in the base of these experi- 
mental chronic ulcers is young and has veiy little collagen Just how 
far reduction in the size of a chronic ulcer may go is problematic 
It was noted that the connective tissue in the base of these chronic 
ulcers was relatively young and contained many blood vessels Appar- 
ently, destructive foices playing on the floor of the base cause such 
a lapid loss of substance that the underlying connective tissue does 
not have time to reach maturity The laige numbei of blood vessels 
indicates good vasculaiity and speaks against pool blood supply as the 
cause of chronicity Destructive forces, to be enumerated presently, 
aie believed to be the chief factors in chronicity 

It IS evident that there aie two mam structures involved in the heal- 
ing of a chronic ulcer, namely, the marginal epithelium and the base 
The epithelium attempts to cover the base in two ways, i e , by mass 
piohferation, which crowds the entire margin out onto the floor of the 
base, and by the regeneration, from the most central marginal cells, 
of new epithelium that creeps out over the floor The epithelial cells 
composing this margin are of a constant type They are all foveolar 
cells, similar to those that form the foveolae of normal gastric glands 
Thus the cells responsible for the regeneration of epithelium m acute 
ulcers^ are also responsible for this regeneiation m chronic ulcers It 
seems that the foveolar cells stand at the margin of the ulcer waiting for 
an opportunity to extend out over the floor and cover it 
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Some experimentation also has been done that supports this idea 
of destiuctne Aeisus leparative piocesses Mann® found that healing 
of ulcers occuried after diveision of the gastiic contents by closure of 
the pylorus and a gastro-enterostomy This pi evented the gastiic con- 
tents (mechanical and chemical factors) from passing over the surface 
of the ulcei In the process of healing, new granulation tissue formed 
in the base and subsequently epithelium grew out to cover it Fauley 
and Ivy,’' using my method of production of chronic ulcei s, showed that 
a bland diet favors the healing process m the labbits 

Several other observations have been made on the factors that delay 
or hasten healing, but most of this woik has been done on acute lesions 
F'riedman and Hamburger ® found that retention of acid secretion in 
the stomach for an abnormal period delayed healing Conversely, 
Dragstedt and Vaughn ® showed that the administration of alkalies aided 
healing Morton ® showed that diversion of the duodenal contents 
delayed the healing of gastric lesions He alteied the gastro-mtestmal 
tract surgically so that regurgitation of duodenal contents into the 
stomach could not occur The contents were allowed to empty into the 
intestines several centimeters below the usual site Hughson expressed 
the belief that a gastric ulcer near the pylorus causes reflex pyloro- 
spasm and that healing is aided by a splitting of the pylorus Ivy “ 
found that mechanical irritation, such as rubbing the exposed ulcer with 
biead crumbs, delayed healing It is probable that some of the factors 
mentioned are also of importance in the healing of chronic ulcers 

SUMMARY 

1 A method for the consistent production of expeiimental chronic 
gastric ulcei s in labbits is described 

2 A variation in the lepaiative powers of rabbits with chronic 
ulcers was noted In some the ulcers tended to remain chronic while in 
others various degiees of healing, even lesulting m complete repair, 
occurred 

6 Mann, F C Chemical and Mechanical Factors in the Experimentally 
Produced Peptic Ulcer, Tr A Am Physicians 42 224, 1927 

7 Fauley, G B , and Ivy, A C Experimental Gastric Ulcer The Effect 
of the Consistenc)’’ of the Diet on Healing, Arch Int Med 46 524 (Sept ) 1930 

8 Friedman, J C , and Hamburger, W W Experimental Chronic Gastric 
Ulcer, JAMA 63 380 (Aug 1) 1914 

9 Morton, C B Observations on Peptic Ulcer, Ann Surg 87 401, 1928 

10 Hughson, W Relation of P\lorus to Duration of Experimental Gastric 
Ulcer, Arch Surg 15 66 (July) 1927 

11 Hx A C Studies on Gastric and Duodenal Ulcers, J A M A 75 1540 
(Dec 4) 1920 
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3 Expel imental cliionic ulceis in labbits tend to deciease in size, 
when destiuctive piocesses aie not too gieat, even though there is no 
regeneration of epithelium ovei the suiface of the ulcei 

4 Epithelium forming the maigin of a chionic ulcei is composed 
entirely of foveolar cells These cells constantly attempt to legeneiate 
and lepaii the ulcei defect, and are successful when a flooi suitable for 
then giowth is formed Foveolai cells aie lesponsible foi legeneiation 
of the epithelium in both acute and chionic expei imental ulceis 

5 The essential factor that delays healing and pioduces chiomcity 
in ulcers is that of destructive foices acting on the floor of the base 
Theie is a constant stiuggle between these destructive foices and lepaia- 
tive piocesses The outcome depends on which one is in excess and 
gams control 



CORRELATION OF LINGUAL CHANGES WITH OTHER 

CLINICAL DATA 
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The study of the tongue is as ancient as the practice of medicine 
Hippocrates ^ has left many notes of his observations of this organ 
Repeated references m his clinical descriptions of the fevers are found 
to the tongue that is dry or parched Sooty and dry is another qualify- 
ing expression used by Hippocrates relative to the tongue Again he 
says, “If m a winter fever, the tongue be rough, and if there be swoon- 
ing, it IS likely to be the remission of the fever ” An even more chai- 
acteristic example is to be found m the following quotation “When 
there is a chionic sore on the side of the tongue the surgeon should 
examine whether it be not occasioned by the shaip edge of a tooth ” 
Through the generations down to the modern period of medicine the 
study of the tongue has been held m high esteem not only by the medi- 
cal profession, but by the laity as well Indeed, when the clinical inves- 
tigation was limited to an anamnesis, general inspection and palpation, 
palpation of the pulse and the examination of the physical characteris- 
tics of the dejecta, a disproportionate significance might well be placed 
on the observations of the tongue Lewis ^ expiessed a colloquialism 
m “Raw red tongue, raw red gut” Throughout the woild alterations 
in the appearance of the tongue are i elated m the lay mind to disordeis 
of the gastio-intestinal tract Indeed it has frequently been considered 
the mirror of the stomach 

Granting the abnormalities of the tongue that attend gastro-intes- 
tmal diseases, infectious diseases, exanthems and many other diseases 
both local and remote, there remains a well defined group of appar- 
ent deficiency diseases which arrests the attention by reason of the 
similarity of their concuirent involvement of the tongue Glossitis was 
reported m the severe anemias of pregnancy by Larrabee ® Isaacs, 

Submitted for publication, Aug 28, 1931 

From the Department of Medicine, University of Wisconsin 

1 The Genuine Works of Hippocrates, translated by F Wood, New York, 
William Wood & Company 

2 Lewis, G E The Smooth Tongue A Study in Deficiency Disease, Prac- 
titioner 125 749 (Dec ) 1930 

3 Larrabee, R C The Severe Anemia of Pregnancy and the Puerperium, 
Am J M Sc 170 371 (Sept) 1925 
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Stuigis and Smith ^ noted smoothing of the tongue in the anemia 
caused by infestation with Dibothryocephalus latus Keefer and Yang ® 
determined a glossitis in patients suffering from the anemia of under- 
nutrition attendant on dysentery Recovery from the dysentery and 
anemia was maiked by coincident improvement in the glossitis Witts ° 
described an active glossitis with denudation to actual baldness m simple 
achloihydric anemia Lewis ^ leported a case in which pyloroplasty 
was complicated by peritonitis and obsti uction, and in which a jej un- 
ostomy was succeeded by a red tongue with low papillae To this 
group may be added the more widely lecognized conditions, sprue, 
pellagra and pernicious anemia, all of which aie attended in a high 
percentage of instances by frank glossitis, advancing m some cases to 
complete baldness of the tongue The factors common to all of these 
conditions, which may represent deficiencies of one type or other, aie 
the inflammation and atrophy of the tongue 

Particular attention is directed to the association of the atrophic 
tongue with the pernicious and the achlorhydiic foims of anemia by 
reason of the availability of such material for study In the case of 
pernicious anemia. Hunter credited Barclay ® with the fiist desciiption 
of the condition The original text is not accessible, but Huntei’s 
quotation ^ rather cleaily defines Barclay’s patient as suffering from the 
anemia of pregnancy (puerperium) “Soon after her confinement she 
had a sore mouth, for which she applied for advice, and was ordered 
to leave off beer and meat, and confine heieself to slops To this she 
attributed her debility, as she had continued to suckle her child, and 
had never been able to get up her strength properly ” 

Likewise, in Mullei’s nionogiaph^ at least four of the five anemic 
subjects reported to have suffered fiom stomatitis were cleaily depen- 
dent on pregnancy for the inception of then trouble His analysis of 
this situation is, however, worthy of preservation 

In some cases (20, 23, 29, 38, 39) there was a peculiar stomatitis There formed 
m the oral cavity, especially on the tongue and on the bottom of the tongue, small 
ulcers of whitish color, about the size of a lentil The same were very resistant 

4 Isaacs, R , Sturgis, C C , and Smith, M Tapeworm Anemia, Arch Int 
Med 42 313 (Sept ) 1928 

5 Keefer, C S , and Yang, C S Anemia of Undernutrition, Nat M J 
China 15 701 (Dec ) 1929 

6 Witts, L J Simple Achlorhydric Anemia, Guy’s Hosp Rep 80 253 
(July) 1930 

7 Hunter, William Severest Anaemias, New York, The Macmillan Com- 
pany, 1909, vol 1 

8 Barclay M Times, 1851, p 480, quoted by Hunter (footnote 7) 

9 Muller, H Die progressive perniciose Anamie, Zurich, 1877, p 207 
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to local treatment, disappearing spontaneouslj' or with temporary improvement of 
tlie general condition, and returning again without special cause to the great torment 
of the patient, since they pained greatly and rendered eating difficult, now and then 
almost impossible It seems logical to assume that this stomatitis stood in relation- 
ship to the alteration of the blood, that certain chemical substances are m the blood 
which in greater quantity mix with the secretions of the mouth and through an 
irritating influence bring about the ulcers in a manner similar to that described 
by von Mosler for other illnesses from the parotid secretion 

Befoie Addison’s description of the anemia that bears his name 
(1855), an American clinician, Dawson,^® m an exhaustive aiticle on 
the tongue in diagnosis, called attention to the appearance of this struc- 
ture 111 chloiosis He noted that it was pallid and showed tumefac- 
tions and occasional fissures Furthermore, it was not usually coated 
“In many cases the papillae have been almost entnely obliterated, 
giving to the organ an unusually smooth appeal ance ” Since methods 
of laboratory and clinical piecision weie not available at that peiiod 
(1846), it IS possible that Dawson actually fiist recognized the tongue 
of pernicious anemia Further force is added to this claim for recog- 
nition by the succeeding passage, which states that a similar appearance 
of the tongue occurs m a neivous diathesis 

Laache gave the most accurate description of any of the earlier 
writers on this point “Die Zunge blank, Glatt, ohne Andeutung zu 
Papillen, dieselbe ist an den Randern gewisseimassen ausgehackt, und 
hier hat er ein wunder Gefuhl ” (The tongue smooth, clean, without 
sign of papillae, it is to some extent hacked on the margins, and heie 
it has a sore feeling ) The relationship of the tongue to the intestinal 
manifestations of pernicious anemia was appreciated by Laache in a 
desciiption of the mouth as skinless (hautlos) at the time of diarrheal 
manifestations This point was further stressed by McPhedran,’^- who 
reported soreness of the mouth and excoriation of the anus in a 
patient with pernicious anemia coincident with diarrhea and a highly 
colored urine Hunter recorded a case of pernicious anemia in which 
the soreness of the tongue “seemed to spread down into the stomach 
and right through him ” 

To Hunter the medical profession is indebted for the most com- 
plete study of the glossitis of pernicious anemia He described the 

10 Dawson, J Thoughts on the Tongue as an Element m Diagnosis, West 
J Med & Surg 6 277 (Oct ) 1846 

11 Laache, S Die Anamie, Christiania, Mailing, 1883, p 144 

12 McPhedran, A Pernicious Anemia With a Report of Five Cases, M 
News 57 362 (Oct 11) 1890 

13 Hunter, William Further Observations on Pernicious Anemia (Seien 
Cases) A Chronic Infective Disease, Its Relation to Infection from the Mouth 
and Stomach, Suggested Serum Treatment, Lancet 1 221, 296 and 371, 1900 

14 Hunter (footnotes 8 and 13) 
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injection of the margins of the tongue with the tiny vesicles that 
appeared in patches and shifted in location from time to time Succeed- 
ing this inflammatory stage came denudation and atiophy of the inter- 
vening mucosa At times these manifestations subsided with the 
advance of the anemia, and in other instances only after atrophy of 
the papillae was complete He pointed out (1) “that the glossitic 
changes weie of varying intensity m diflterent cases — sometimes of an 
acute and subacute inflammatory character, followed later by degenera- 
tive and atrophic changes, at other times more chionic, and (2) that 
they aie closely similar to those met ivith in the mucosa of the stom- 
ach, and, less commonly, of the intestine ” Particularly was Hunter 
impiessed by the distinctive mode of onset, persistence and periodicity 
of the glossitis To him the tongue changes constituted the most 
impoitant signpost m the study of the progress of pernicious anemia, 
because of their accessibility The histologic changes described by 
him included the lound cell exudation and prohfeiation in the tissues 
and walls of the blood vessels of the tongue Atiophy of the epithe- 
lium succeeds necrotic and mucoid degeneiation Eventually the epi- 
thelial layer is replaced by a thin fibrous sheet, and this piocess of 
scarring dips down into the muscular tissues of the tongue, indicating 
the depth to which the inflammatory piocess has pieceded Cultuial 
studies levealed stieptococci m these deepei la}ers This woik was 
confiimed by Schneider and Carey 

With the advent of liver therapy and the establishment of its spe- 
cific virtue in the induction of blood remissions, theie came a lenewed 
interest m the glossitis of pernicious anemia Minot and Murphy 
repoited on this detail as follows 

The distressing tongue symptoms so characteristic of pernicious anemia usually 
vanished soon after liver was taken Vesicles on the edges and tip of the tongue 
disappeared, as did the red-streaked, raw or beefy appearance The sense of raw- 
ness or pain in the esophagus subsided In a few patients who had a pronounced 
disorder of the central nervous system, the disappearance of the tongue symptoms 
and signs was less rapid In none of the patients who have continued the diet well 
have the tongue symptoms either persisted or returned Within a few months the 
tongue has usually lost its shiny appearance entirely and has appeared normal 

Ample confiimation foi this conclusion is available in a vast litera- 
ture, which has grown about the subject of hvei theiapy m peimcious 

15 Schneider, J P, and Carej, T B The Nature of the Glossitis m Perni- 
cious Anemia, Minnesota Med 10 214 (April) 1927 

16 Minot, G R , and Murph}'-, W P A Diet Rich in Liver in the Treatment 
of Pernicious Anemia, J A M A 89 759 (Sept 3) 1927 
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anemia Huston^® repoited a uniform improvement in the condition 
of the mouth, “but cases having true atrophy of the tongue show no 
improvement in this respect ” Beyond a doubt this point of view is 
erroneous since a number of patients with the completely bald tongue 
of pernicious anemia have shown a complete letuiii to gross normality 
of papillaiy mai kings on hvei therapy in the Wisconsin General Hos- 
pital A fairly common experience in this relation is intimated in Minot 
and Muiph3'^’s insistence^® that the liver therapy be adequate Starr 
lepoited an instance of the recurience of glossitis in a patient who 
had been leheved by liver, at a latei period, on the reduction and dis- 
continuance of this theiap)'^ Isaacs, Sturgis and Smith modified their 
point of view thus, “The tongue, which is fiequently sore when the treat- 
ment IS fiist begun, usually becomes normal However, the glossitis may 
recur in a mild way duiing the remission, as the ingestion of liver does 
not seem to be entirel}'' specific for this symptom ” Isaacs pointed out 
fuither the tendency for periodic oi seasonal waves of relapsing symp- 
toms of a mild order m patients with pernicious anemia even though 
the blood remission be maintained by hvei therapy Among such mani- 
festations may be a return of the glossitis 

In a considerable series of patients with pernicious anemia on liver 
theiapy in the Wisconsin General Hospital, the recurrence of the sub- 
jective complaint of rawness oi soieness of the tongue with or without 
objective evidence of glossitis has served as a valuable clinical guide 
As a lule, the responsibility has been traced to some mtercurrent infec- 
tion 01 advancing central nervous involvement that might reduce the 
efficacy of the liver dosage Not infrequently this symptom has por- 
tended an early decline in the erythrocyte level of patients whose main- 
tenance dosage of liver was being established An increase in the 
amount of liver exhibited has controlled a majorit}’’ of these cases 
Occasionally patients on adequate liver theiapy have been encountered 
in whom a glossitis has appeared without any other demonstrable 
change, subjective or objective Close inquiry into their social history 
has revealed some psychic or physical factor of unusual stress, the con- 
trol of which has leheved the discomfoit More unusual has been the 


17 Starr, P Results of Liver Feeding in Pernicious Anemia, Am J M Sc 
175 312, 1928 Heath, E H Pernicious Anemia Treated with Liver Diet and 
Liver Extract, J A M A 91 928 (Sept 29) 1928 Ungley, C C The Stomach 
and Pernicious Anemia, Newcastle M J 10 14 (Oct ) 1929 

18 Huston, John Further Observations with the Diet Rich in Liver for the 
Treatment of Pernicious Anemia, Am J M Sc 174 520 (Oct ) 1927 

19 Starr (footnote 17) 

20 Isaacs, R , Sturgis, C C , and Smith, M Treatment of Pernicious Anemia, 
J A M A 91 1687 (Dec 1) 1928 
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experience of Isaacs^i previously related, but a few instances of this 
order have been met 

The recent developments in the knowledge of the anemias, par- 
ticularty the surpassing contributions of Castle-" to the lelationship 
between achylia gastnca and pernicious anemia, have given a new sig- 
nificance to the tongue changes of this and allied conditions The pos- 
sible causal lelationship between a deficiency or lack of the intrinsic 
factor of Castle and the glossitis of pernicious anemia and other condi- 
tions early suggested itself , however, an isolated test of Lewis - would 
seem to indicate that an absence of the intrinsic factor does not induce 
lingual atrophy In a patient with sprue studied by him, the tongue 
was noimal, the gastric aciditjr and peptic activity were noimal, and 
the blood picture was that of pernicious anemia The gastiic juice 
of this patient, incubated with beef and fed to a patient with true 
peiniciotis anemia, induced no remission, whereas noimal gastiic juice 
plus beef brought about a piompt i espouse This clinical expeiience is 
inteiesting and points to a dissociation between the deficiency or other 
factors leading to the blood picture and the lingual atrophy of pernicious 
anemia 

A patient with nontropical sprue, having a normal tongue and 
normal gastiic acidity but with the history of a complete blood remis- 
sion to liver therapy, presented himself for study in the Wisconsin 
General Hospital Collections of the gastric juice nere made daily for 
a month in the hope of duplicating Lewis’ observations on the intrinsic 
factoi, but no suitable subject with pernicious anemia presented him- 
self for study Howevei, it was deemed advisable to attempt a further 
correlation of tongue changes, especially atrophy, with common laboia- 
tory findings in the hope that ceitam parallelisms occurring m well 
recognized clinical entities might afford some clue to the basic factor 

21 Isaacs, R S 3 ^steniic Relapses During Liver Induced Hemopoietic Remis- 
sions m Pernicious Anemia, Am J M Sc 178 500 (Oct) 1929 

22 Castle, W B , and Locke, E A Observations on the Etiologic Relation- 
ship of Achylia Gastnca to Pernicious Anemia, J Clin Investigation 6 2, 1929 
Castle, W B Observations on the Etiologic Relationship of Achylia Gastnca to 
Pernicious Anemia I The Effect of the Administration to Patients with Pernicious 
Anemia of the Contents of the Human Stomach Recovered After the Ingestion of 
Beef Muscle, Am J M Sc 178 748 (Dec ) 1929 Castle, W B , and Townsend, 

C II The Effect of the Administration to Patients with Pernicious Anemia 
of Beef Muscle After Incubation with Normal Human Gastric Juice, ibid 178 764 
(Dec) 1929 Castle, W B , Townsend, W C, and Heath, C W III The 
Nature of the Reaction Between Normal Human Gastric Juice and Beef Muscle 
Lradmg to Clinical Improvement and Increased Blood Formation Similar to the 
Effect of Liver Feeding, ibid 180 305 (Sept ) 1930 
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Many textbooks contain refeiences to the relationship between the 
tongue and the gastric acidity Riesman noted that “in hyperchlor- 
hydria the tongue is usually daik red, moist and clean ” Wilkinson and 
Oliver -■* remaiked glossitis with atrophy of the papillae among the 
clinical conditions associated with achloihydria Lewis ^ stated that 
“while a smooth tongue is most frequently seen accompanied by achlor- 
hydria, and especially m some t3'pes of deficiency disease, the reverse 
does not hold ” 

EXPERIMENTAL DATA 

Because of the appaient lack of unanimity of opinion relative to 
this point, the first line of attack lay m the direction of a correlation 
of the appearance of the tongue with the gastiic acidity When the 
loutine aspiiation failed to reveal free hydiochloric acid, an injection 
of histamine was given, and fractional specimens of gastric juice were 
withdrawn By leason of the primary mteiest m the association of 
glossitic changes with pernicious and achlorhydiic anemias, the second 
factoi of laboratory coi relation was the blood picture 

In an effort to standardize the description of the tongue, an unex- 
pected difficulty was encountered in the prolixity of terms m the litera- 
ture A sharp limitation of such desciiptive terms was deemed 
advisable, and for working pui poses the following classification has 
been found quite adequate 

1 Normal tongue 

2 Coated tongue (furred) 

3 Scrotal tongue (furrowed, with apparently hypertrophic ridges or plaques) 

(ci) Smooth (papillae atrophied or denuded) 

(h) Coated 

4 Smooth tongue (papillae atrophied or denuded) 

(a) Complete smoothing 

(b) Slight general smoothing 

(c) Marginal smoothing (of lateral dorsum) 

Piactically all tongues maj^ be giouped undei these headings Sali- 
\ation and dryness, injection, ulceration and fissures weie also recoided 
as separate modifications It will be noted that no effort has been 
made to distinguish between actual atiophy and denudation m tongues 
designated as smooth 

In any study dependent on descriptive teims to meet a changing 
situation, theie inevitably arises the pressing need foi an objective 
method to piesene the record of conditions from time to time Pho 
tography of the tongue is not entirely satisfactoiy, and many reproduc- 

23 Riesman, D The Tongue, m Osier, William, and McCrae, Thomas 
^Modern Medicine, ed 2, Philadelphia, Lea &. Febiger, 1914, vol 3, p 60 

24 Wilkinson, J F, and Olner, T H Lancet 1 66 (Jan 10) 1931 
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tions of this natuie lack the detail necessary £oi elucidation The 
cooidination of technician and subject is veiy difficult, hence the expos- 
ure of the tongue is frequently inadequate for desciiptive pui poses 
Accordingly, a iiumbei of othei methods weie puisued with the thought 
of developing a technic capable of lepeated application with a minimum 
of distoition 

The application of the ferric chloiide-tanmc acid method used by 
Elsom to make foot prints was fruitless in the case of the tongue 
The mixtuie of the tinctme of feiric chloiide, glyceiin and water 
applied to the tongue invariably lan and binned the pniit on papei, 
so that the subsecjuent addition of tannic acid in whatever foim failed 
to give deal cut tongue prints Citiic acid solutions weie next applied 
to the tongue, and the tiansfers to papei weie brought out b}’' heating 
The detail of such prints was somewhat better, but not satisfactoiy 
Vaiious aniline dyes failed to meet the need Of the seveial liquids 
tried, inks of the quickly drying type, as india, came closest to meeting 
the requiiements 

Tiacings on smoked paper, as utilized by Isaacs, Stuigis and Smith, 
weie eventually adopted as affoidmg the best lesults The mateiials 
used weie smoked glazed paper cut into rectangles 3 by 5 cm, thin 
white caids of the same dimensions, shellac diluted 1 5 in alcohol, a 
shallow dish and suigical gauze oi absoibent cotton The clips and 
flame foi drying dental x-iay films proved most convenient for handling 
the smoked paper lectangles In the application of this procedure the 
patient was fully instiucted as to the pm pose and plan All dentines 
weie lemoved The tongue was blotted carefully with gauze and its 
position aiianged by instiuction as to piotrusion, flattening, etc, to 
eftect the most regulai contoui Excessive salivation occasionally 
necessitated packing absoibent cotton pledgets beneath the tongue The 
smoked paper was then applied to the proti tided tongue with just 
sufficient piessuie fiom the fingei tips to bung unifoim contact In 
lemovmg the smoked paper, the lesultant negative punt was then pre- 
seived by dipping into shellac and di}ing The carbon oi soot adheimg 
to the tongue suggested the possibility of a second lecord By dipping 
the thin white card into shellac and holding it in the an just shoit of 
diyiiig before application to the tongue, a positive lecoid may be 
obtained thiough the soot letained on the tongue In many instances 
this positive print was more delicate m detail than the original oi 
negative punt These records were then mounted on cardboard for 
peimanent filing Chaiactenstic tongue prints, positive and negative, 
are shown m figuie 1 


25 Elsom, J E Personal communication to the authors 
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The physical natuie of the tongue and its moistuie ofier certain 
handicaps not encounteied in making finger prints, but with patience 
and careful adherence to the outlined technic, prints of the tongue may 
be taken that compare favorably in detailed accuracy with fingei 



Fig 1 — Tongue prints arranged for a comparison of the several types 

prints (fig 2) With practice the technic proved relatively constant, 
and the interpretation of an isolated print usually classified the tongue 
as had the visual impression The great advantage of the tongue prints 
lies m the fact that they constitute a permanent record, and for progress 
studies they should prove of inestimable value Observations now in 
progress on pernicious anemia would seem to indicate that loss of the 
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filiform papillae is the first step toward baldness of the tongue Later 
the fungiform papillae flatten and disappear Regeneiation is in the 
leverse order, so far as visibility is concerned 

In all, one bundled and foity subjects weie included in this study 
The tongue prints weie taken one hundred and sixty times Gastric 
aspirations after the Ewald meal were peifoimed in all except six 
patients, and of the foity showing achloi hydria, fi actional aspirations 
aftei histamine weie made on thiity-four 



t 


Fig 2— Tongud prints to demonstrate the accuracy of detail A, detail of 
the tip of an atrophic scrotal tongue B, a coated scrotal tongue, showing a scar 
to the left of the midline of the dorsum 


The succeeding tables have been extracted from the con elated data 
under the headings named 

THE TONGUE IN PERNICIOUS ANEMIA 

The Con elation of the Type of the Tongue xvith Vanons Factors m 
ei melons Anemia —There were nine cases Seven patients had some 
smoothing, one complete and one slight, general smoothing, four 
smooth margins, and one, a smooth sciotal tongue 
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Eftect of Treatment (Foui patients tieated, five not tieated ) In 
the four cases m which tieatment Avas given, two tongues weie normal, 
one had smooth margins and one was smooth sciotal All of the five 
patients not treated showed some degree of smoothing (three smooth 
maigins, one slight general smoothing and one entiiel}'^ smooth) 

Effect of Involvement of the Nervous System (Two cases noimal, 
seven with combined degeneration) In both noimal cases the patients 
had been tieated, and both had marginal smoothing Of the seven with 
combined sclerosis, five had some smoothing, one being scrotal as well, 
and tivo were normal 

Effect of Blood Changes (Three model ately anemic, six markedly 
so, none normal) In cases of moderate anemia, the tongue of two 
patients had smooth margins and one was of the smooth scrotal type 
The SIX cases of marked anemia included four tongues smooth in various 
degrees and two normal tongues 

Table 1 — Pernicious Anemtv 


Smoothing 

K 




f 

Com 

Slight 

Sinoothr- 

A - 



Cases 

plete 

General Margins Smooth Coated Coated 

Normal 

Treated patients 

4 



1 

1 

2 

Untreated patients 

5 

1 

1 

3 



Aormal nervous system 

2 



2 



Combined degeneration 

7 

1 

1 

2 

1 

2 

Moderate anemia 

3 



2 

1 


Marked anemia 

6 

1 

1 

2 


2 


THE TONGUE IN GASTRIC ACIDITY 

The Con elation of the Type of Tongue zvith the Degiee of Gastuc 
Acidity — When the gastric acidity was normal (sixty tongues), 5 per 
cent had slight geneial smoothing, 10 per cent had smooth margins, 
20 pel cent were scrotal, 40 per cent iveie coated, and 25 per cent 
were noimal 

When there was hyperchlorhydna of any degree (30 degrees or 
more), theie was 10 6 per cent smoothing, 23 7 per cent were scrotal, 
44 7 per cent coated, and 21 per cent noimal In general, the highei 
the acidity, the more notable was the tendency to the scrotal type and 
coating of the tongue 

In cases of complete achlorh)dria (thiity-nme tongues), 48 7 per 
cent had some degiee of smoothing, and 18 per cent more were of 
the smooth scrotal type Only 28 2 pei cent had normal or coated 
tongues (7 7 per cent normal, 20 5 pei cent coated) The tendency 
in a small series of six patients with achlorhydria not receiving histamine 
was not notable In fifteen cases in ivhich there was a small amount 
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of fiee hydiochlonc acid after histamine, 46 6 pei cent had some degree 
of smoothing, chiefly marginal, 33 3 per cent of the tongues were 
sciotal (13 3 per cent smooth scrotal), and 199 per cent were normal 
01 coated When these three divisions are considered together (sixty 
tongues), there was a general smoothing of 15 per cent, marginal of 
31 6 per cent and some smoothing of 61 6 per cent (including smooth 
scrotal) Twenty-six per cent were scrotal, 21 6 per cent coated and 
only 6 6 per cent normal 

In seven cases of achlorhydiic anemia, all tongues (100 per cent) 
weie smooth m some degree (four slight general smoothing, three 
marginal) 

i 'J' 

Table 2 — Gastric Acidity 


Smoothing 


Tongues 


Com 

plete 


Scrotal 
. ■- 


Slight Smooths 
General Margins Smooth Coated Coated Normal 


Normal acidity 

GO 


3 

5% 

6 

10% 

5 

8 3% 

7 

11 6% 

25 

40% 

14 

25% 

Hyperchlorhydria 

38 


2 

5 3% 

2 

5 3% 

2 

5 3% 

7 

18 4% 

17 

44 7% 

8 

21% 

Achlorhydria Mith histamine 

39 

1 

2 5% 

6 

15 4 % 

12 

SO 8% 

7 

1S% 

2 

51% 

8 

20 5% 

3 

7 7% 

Achlorhydria without histamine 

0 


1 

1 


1 

3 


Hjpoehlorhydria 

15 


1 6 

46 6% 

2 

13 8% 

3 

20% 

2 

13 3% 

1 

6 6% 

Total hjpoehlorhydria and 
achlorhydria 

GO 

1 

16% 

8 

13 3% 

IP 

316% 

P 6 

26% 

IS 

216% 

4 

6 6% 

Achlorhydric anemia 

7 


4 

57% 

3 

43% 






THE BLOOD AND SEX IN GASTRIC ACIDITY 

The Coil elation of Gastnc Acidity with the Blood Picture and 
Ses — Sixty per cent of the patients with achlorhydria after the admin- 
istration of histamine had no anemia , 40 per cent had some degree of 
anemia, and 29 per cent had marked anemia All cases with a grossly 
leduced gastiic acidity (fifty-one) showed about the same ratio 

This figure is relatively high when compared with forty-nme cases 
with noimal gastric acidity, of which 83 6 per cent had no anemia, 
and 16 3 pei cent showed some degree of anemia Only one patient 
(with a carcinoma) had marked anemia 

None of the fifteen patients with slight hyperchlorhydria (from 30 
to 40 degrees free hydrochloric acid) had anemia Of. the eighteen 
patients with maiked hyperchloi hydria (40 degrees or more of free 
hydrochloiic acid), sixteen (89 per cent) had no anemia, one patient 
with an ulcer had marked anemia, one had slight anemia Of a total 
of thirty-thiee cases of hyperchlorhydria, 94 per cent showed a normal 
blood picture v 
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The sex in the various acidity groups was about equally divided 
Of the patients with normal acidity, 44 per cent were male and 56 
per cent female Of those with hyperchlorhydria, 42 per cent were 
male and 58 per cent female Of those with achlorhydria, 56 per cent 
were male and 44 per cent female (including eight cases of pernicious 
anemia) The seven cases of achlorhydric anemia (100 per cent) were 
in females 

Futtho Analysis, Showing the Gastric Acidity and Blood Picture 
in Relation to the Tongue Types — ^Achlorhydric anemias, all of which 
showed some degree of smoothing of the tongue, are not analyzed in 
this connection 

Table 3 — Blood Picture and Sex in Gastric Acidity 


Blood Picture Se-v 

I *— \ ( * — 

Normal Slight Marked 



Oases 

Blood 

Anemia 

Anemia 

Male 

Pern ale 

Achlorhydria after histamme 

34 

20 

60% 

4 

117% 

10 

29% 

19 

56% 

15 

44% 

Achlorhydria with no histamine 

6 

5 


1 

5 

1 

Hypochlorhydna after histamine 

11 

6 

4 

1 

3 

S 

Total with hypochlorhydna or 
achlorhydria 

51 

31 

60% 

8 

15 6% 

12 

24 3% 

27 

53% 

24 

47% 

Normal aciditj 

49 

41 

83 6% 

7 

14 3% 

1 

2% 

44% 

56% 

Hyperchlorhydria, 30 40 degrees of free 
hydrochloric acid 

15 

15 

100% 





Hyperchlorhydria, 40 degrees and up 
ward of free hjdrochlonc acid 

18 

16 

89% 

1 

5 5% 

1 

5 5% 



Total with hyperchlorhydria 

33 

31 

94% 

1 

3% 

1 

3% 

14 

42% 

19 

57% 


The Smooth Tongue One tongue was entirely smooth, the case 
was achlorhydric Of thirteen patients whose tongues showed slight 
general smoothing, seven had achlorhydria, one hypochlorhydna, two 
hyperchlorhydria and three normal acidity Of twenty-seven patients 
whose tongues had smooth margins, thirteen had achlorhydria, six 
h 3 '^pochlorh) dria and two hypercMorhydria, and six were normal 
The Scrotal Tongue Among sixteen patients whose tongues were 
of the smooth sciotal type, seven had achlorhydiia, two hyperchlor- 
hydiia, t^’vo hypochlorhydna and five normal acidit}^ Of twenty patients 
with tongues of the coated scrotal type, three had achlorhydria, three 
hypochlorhydna, seven hyperchlorhydria and seven normal acidity 
The Coated Tongue Of the fifty-five patients with coated tongues, 
eleven had achlorhydria, two hypochlorhydna, seventeen hyperchlor- 
hydna and twenty-five normal acidity 
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The Normal Tongue Of twenty -six patients with noimal tongues, 
only three had achlorhydi la, one hypochlorhydna and eight hypeichlor- 
hydria, fourteen showed normal acidity 

The Blood Picture Eleven of fourteen patients with geneial 
smoothing (slight and complete) were anemic (78 per cent) , thirteen 
of twenty-seven patients with smoothed margins were anemic (48 per 
cent) , ten of sixteen patients with smooth scrotal tongues were anemic 
(62 per cent) , only two of twenty patients with coated scrotal tongues 
were anemic (10 per cent) , six of fifty-five patients with coated tongues 
were anemic (109 per cent) , four of twenty-six patients with noimal 
tongues were anemic (15 per cent) 

Relation of Oial Symptoms to the Type of Tongue, Blood Picfm e 
and Gasfuc Acidity — Fifteen patients had the complaint of sore tongue 
01 mouth (nontraumatic) , and eleven had some degree of smoothing of 
the tongue (one complete, three slightly generalized, seven smooth 
margins) Of this gioup, only one had a noimal tongue Eleven of 
the fifteen weie anemic, six markedly so Nine patients had achloi- 
hydna, two hypochlorhydna, two hypei chloi hydna and two noimal 
acidity 

Three of the patients in the foregoing gi oup complained of dysphagia 
(nonneuiologic) and five of dry throat, and their tendencies were about 
the same 

The complaint of sialairhea and the presence of salivation (six 
cases) had no legulai lelationship to the tongue picture, the gastric 
acidity 01 the blood Two tongues had smooth margins, one was coated 
sciotal and three were coated Two patients had slight anemia Three 
patients had hypei chloi hydi la, two achlorhydi la and one liypochlor- 
hydria 

Only one patient complained of lack of the sense of taste He had a 
coated tongue, hypei chloi h 3 ^diia and a noimal blood count None othei 
was found who did not lespond to the simplest test foi the sense of 
taste 

Eighteen tongues weie noted to be injected Eleven of these were 
somewhat smooth (six on the maigins) Thiee weie sciotal Only one 
case was normal Six of the patients had achloihydiia , three others 
had hypochlorhydna, six had hypei chlorhydria, five markedly, only 
thiee had normal acidity Eight of the eighteen patients were some- 
what anemic 

THE TONGUE IN GASTRO-INTESTINAL DISEASES 

The Con elation of Tongue Types and Gastne Acidity with 
Gasti o-Intestinal Diseases — ^There were twenty-two cases of peptic 
ulcer (confirmed by the x-rays) Of this group, only one tongue had 
smooth margins (4 5 per cent) , 23 per cent ivere coated scrotal , 68 
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per cent were coated, and one was normal Gastiic analyses on twent} 
of these patients showed 40 per cent to have noiinal acidity, 50 per 
cent had h 3 'perchlorhydria, and 10 per cent had hypochlorhydiia (one 
patient had undergone a gastro-entei ostomy) 

Forty-six patients (not including those with anemia) had chronic 
catarrhal colitis with spastic constipation (roentgen studies aftei a barium 
enema) Four tongues (8 7 per cent) showed some smoothing, mostly 
marginal, six (13 per cent) were scrotal (four coated), twenty-four 
(52 3 per cent) were coated, and twelve (26 pei cent) were normal 
Gastric analyses on forty-four of the patients showed 52 per cent to 
have normal acidity, 30 per cent had hyperchlorhydiia, and 18 per 
cent had achlorhydria or hypochlorhydna after the administration of 
histamine 


Table 4 — Gastro-Imtestival Disn\SES 




Smooth 

Scrotal 



o 

'Vchlor- 
hj dria 

J. 


>1 








ui 




M 

O 

OT 

c3 

Q 

Complete 

Slight 

General 

Smooth 

Margins 

Smooth 

Coated 

O 

cS 

O 

O 

Normal 

a 

o C 

2 o. 

C3 K 

0<r 

With 

Histamine 

Without 

Histamine 

Ilypochlor 

hydria 

Hypcrchlor 

hydria 

CJ 

<! 

a 

E 

c 

f5 

Peptic ulcer 

22 


0 1 
i5% 

5 15 

22 7% 6S% 

1 

4 5% 

20 

1 1 

5% 0% 

10 

50% 

8 

40% 

Chronic colitis 

40 


1 3 

8 7% 

2 4 

13% 

24 

52% 

12 

26% 

44 

5 12 

187o 

13 

30% 

2j 

52% 

Chronic cholecj st 
itis 

33 


1 3 

12% 

1 5 

18% 

13 

40% 

10 

S07o 

32 

3 2 5 

32% 

8 

25% 

14 

4u% 

Carcmonn of 
stomich 

5 


1 1 
20% 20% 


3 

00% 


5 

2 11 

0 

1 

Neurosis 

9 


0 

1 

0 

2 

9 

1 

3 

5 


33 % 55 % 


Thirt}-thiee cases weie diagnosed as chionic cholecystitis (con- 
fiimed by the x-rays after the intravenous injection of dye) Foui 
tongues ( 12 per cent) showed smoothing, mostly marginal , six tongues 
(18 per cent) were scrotal (five coated) , thirteen tongues (40 pei 
cent) vere coated, while ten tongues (30 per cent) were normal 
Gastric analyses on thirty-two of the patients showed 43 per cent to 
have normal acidity, 25 per cent had hypeichlorhydna, and 32 per cent 
had a tendency to achlorhydria 

Five cases of carcinoma of the stomach were studied Partial 
smoothing was noted in two and coating in three The patients all had 
veiy low acidity, thiee being achlorhydric 

Nine patients were diagnosed as having a neurosis None of 
them had smooth tongues , six tongues were coated, one was scrotal 
and two veie normal (Fne of the nine patients had normal acidity 
till ee had hyperchlorln di la and one was achlorhydi ic ) 
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AIISCCLL \XnOLb DISEASES WITH CORRELATED DATA ON 
THE TONGUE TYPE AND GASTRIC ACIDITY 

Two patients with the h} pei acidity syndrome had sciotal tongues 

Five diabetic patients had coated scrotal tongues , all had normal or 
slight!} increased gastiic acidity The beefy red tongue of diabetic 
ketosis IS familiar to all, however 

Three cases of ulceiative colitis included two normal and one coated 
tongue Two patients had noimal acidit} , one had hypeichloihydiia 

DEDUCTIONS 

The obseivations incoiporated in this repoit were made on an 
unselecled group of subjects within a limited lange of clinical conditions 
Any deductions diawn theiefrom must beai these limitations in mind 
Obiiousli, broad geneialization or attempted application to uni elated 
diseases would be unwai ranted 

1 The senes of cases of pernicious anemia is small All of the 
patients not tieated showed papillary atrophy of some degiee Neithei 
the changes m the spinal cord nor the grade of anemia had any 
independent influence on the gioss appeal ance of the tongue 

2 In this study patients with hyperchlorhydi la larely had smooth 
tongues, but often had scrotal oi coated tongues When the gastiic 
acidity was noimal, theie was occasional smoothing, with a somewhat 
less tendency towaid coating and a gi eater tendenc} toward noimal 
tongues When there was achlorhydiia oi a tendenc}’’ towaid it, 
smoothing of the tongue, or the clean sciotal type, was much raoie 
common The corollaries to these tendencies seemed equally true 

3 111 this seiies the patients with achlorhydiia were often anemic, 
nhen the free hydiochlonc acid was normal, this tendency was less 
pioiiouiiced, and when hypei chlorhydna was piesent, the occuirence of 
anemia was raie ^Vhen achlorhydria and anemia were combined in 
true achlorhydric anemia, the tongues weie all somewhat smooth, the 
patients were all females 

4 Fiom these observations the incidence of anemia would appear 
to beai a relationship to the degree of smoothing of the tongue Normal 
and coated tongues were not commonly associated Avith anemia 

5 The subjective complaints of soie tongue and mouth, dysphagia 
and diy throat occurred frequently m association with the objective 
findings of a smooth tongue, anemia and achloihydna Injection of 
the tongue also appealed commonly with smoothing and anemia, but with 
either a marked hypo-acidity oi a hyperacidity 

6 In organic nonmalignant disease of the gastro-intestmal tiact, 
there was a tendenc} to the coated and the scrotal types of tongue' 
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This was inoie marked when hypeichlorhydna coexisted and was 
apparently proportional to the degree of hyperacidity Peptic ulcer 
showed the most marked tendency in this direction, with chronic colitis 
and chronic cholecystitis following in Older Functional conditions 
were rarely attended by smoothing of the tongue, and had a tendency to 
occur in the piesence of noimal gastiic acidity 

7 Obseivations on tivo cases of achloihydiic anemia ovei peiiods 
of thiee and foui months, respectivel 3 % did not show appreciable 
changes in the tongue even though the hemoglobin had returned to 
normal A patient with pernicious anemia inadequately tieated m terms 
of blood response to liver therap}’^ gave an entirel)'- noimal tongue print, 
demonstrating an early return of papillae to the affected member The 
dissociation of the causative factors in the anemia and the glossitis of 
these two conditions would seem theieby to be established 
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In 1930, two of us (J E M and J H D ) presented before the 
American Heart Association a preliminary report ^ dealing with the 
major question of the prolongation of life as a result of treatment m 
43 patients with aortic aneurysm, 90 with aortic insufficiency and 8 with 
various other forms of syphilitic heart disease Because of limitations 
of space, it was not possible to discuss other than the one major issue, 
and consideration of other data was deferred Meanwhile we have kept 
m touch with the patients originally reported on and have added others 
in this paper, we ofier a general consideration of the treatment of 
cardiovascular syphilis, based now on 53 patients with aortic aneurysm 
and 112 with aortic regurgitation The 8 patients with syphilitic myo- 
carditis aortitis or angina pectoris included m the original paper have 
een left out of consideration, since the discussion at the meeting brought 
out some skepticism as to the validity of these diagnoses We have 
herefore purposely limited our study to cases of aortic aneurysm and 
rtic regurgitation, since m these two groups of cases there can be little 
ormo quest ion of the accuracy of clinical diagnosis 

Submitted for publication, Aug 31, 1931 
From the Syphilis Division of the Johns Hopkins Hospital 
inis investigation has been supported bv a e-rani 
Research in Syphilis, Inc ^ ^ ^ ^ ^ ° Committee on 

sJdy^oi Dn^^otoiuLn J^TrlaTedTnd 
wi 1 ortic Regurgitation and Aortic Aneurysm, Am Heart J 6 148, 1930 ^ 
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We realize, and have emphasized elsewheie," that the arrest, improve- 
ment or amelioration of s}mptoms of cardiovascular syphilis is a pi ion 
more likely if treatment is started in the stage of simple uncomplicated 
aortitis than if it is deferred until the advent of extensive anatomic 
damage to the aortic wall or valve cusps Since there is doubt in the 
minds of many competent internists ® that the diagnosis of uncompli- 
cated aortitis can be made with assurance in the absence of aneurysm 
or of valvular insufficiency, we have preferred to defer a consideration 
of the results of treatment in aortitis until we had completed a study 
of the accuracy of diagnosis in this condition - The prevailing pessi- 
mism as to the beneficial effect of treatment m cardiovascular syphilis 
was an added reason which prompted us to review first our cases of 
aneurysm and aortic regurgitation If we can show that the patients 
with these graver lesions can be benefited by treatment, it will be less 
difficult to convince others of the validity of our conclusions in uncompli- 
cated aortitis, subsequently to appear We realize also the limitations 
of treatment in cardiovascular syphilis, that the mechanical circulatoiy 
defect cannot be remedied, and that the most one can expect is arrest 
of progress in the inflammatory process, amelioration of symptoms and 
prolongation of life It is from this point of view that we approach our 
material 

PROPHYLAXIS OF CARDIOVASCULAR SYPHILIS 

Obviously, if early syphilis could be adequately treated in every 
instance, the incidence of cardiovascular syphilis would be much reduced 
As has been so often said of neuiosyphihs, especially tabes dorsalis 
and dementia paralytica, so also it may be aptly said of cardiovascular 
syphilis The best way to treat it is to prevent it Several years ago, 
one of us (J E M ) with J E Kemp published * the details of the 
clinical outcome in 402 patients with early syphilis These patients had 
been followed for from one to nine years after varying amounts of 
treatment From time to time dm mg the period of observation, each 
of them was carefully reexamined, often repeatedly, with especial 
emphasis on examination of the neivous system and of the cardio- 
vascular appaiatus For purposes of study, they were divided into 
four treatment groups as follows 

Group 1 Patients receiving from one to eight injections of an arsphenamine 
product, mercury being used not at all for less than one month 


2 Moore, J E , Danglade, J H , and Reisinger, J C The Diagnosis of 
Syphilitic Aortitis Uncomplicated by Aortic Regurgitation or Aneurvsm A Com- 
parison of Clinical and Necropsj Findings in One Hundred and Five Patients, 
Arch Int Med 49 753 (May) 1932 

3 Conner, L A , m discussion of paper by Steel, D Am Heart J 6 65, 19’ 

4 Moore, J E, and Kemp, J E The Treatment of Early Syphilis II 
Clinical Results in 402 Patients, Bull Johns Hopkins Hosp 39 16, 1926 
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Group 2 Patients recening from one to t\\o courses of arsphenamme (from 
si\ to twelve injections), mercurj' having been used for at least two months during 
the interim between courses of arsphenamme 

Group 3 Patients receiving three courses of arsphenamme (from thirteen to 
twenty injections) and treatment with mercury during the interim 

Group 4 Patients receiving four or more courses of arsphenamme (from 
twenty-one to forty injections) and treatment with mercury during the interims 

The lesults of piolonged observation, so far as cardiovascular sjph- 
ilis is concerned, are summed up m table 1 These data, gathered dur- 
ing the study with Kemp, were unpublished at the time In 24 patients 
who were inadequately treated according to modern standards, cardio- 
vascular syphilis was observed to develop The hiial diagnoses were: 
uncomplicated syphilitic aortitis in 21, aortic regurgitation in 2 and 
aortic aneurysm in 1 This type of lesion developed in 9 6 per cent of 
the patients in group 1, and in 5 6 per cent of those in group 2 In 
not a single patient among the 117 who had received three or more 


Table 1 — Pi ophylaxts of Cat diovasculai Syphilis by Adequate Tieatment for 

Early Syphilis 


Treatment Group 

Number of 
Patients with 
Early Syphilis 
in Group 

Number in 
Whom Oardio 
vascular Syphilis 
Subsequently 
Peveloped 

Percentage 
m Whom 
Cardiovascular 
Syphilis 
Developed 

Group 1 

196 

19 

90 

Group 2 

89 

5 

56 

Group 3 

4G 

0 

0 

Group 4 

71 

0 

0 


courses of arsphenamme and tieatment with a heavy metal preparation 
during the interims did any evidence of cardiovascular syphilis develop 
during the period of observation It was recognized that the actual inci- 
dence of cardiovascular syphilis was probably higher than we had 
indicated, and that in subsequent years more patients, both from the 
adequately and from the inadequately treated groups, would probably 
show this late complication This is to be expected, since, as is already 
well known, and as we shall emphasize presently, the average interval of 
time between infection and the appearance of cardiovascular syphilis is 
about twenty years, while m the group of patients with early syphilis 
studied the maximum posttreatment period of observation did not exceed 
nine )'ears In the cases actually observed, however, the average interval 
between the last treatment and the detection of the cardiovascular lesion- 
was only forty-six months, indicating that inadequate early treatment 
may hasten the onset of cardiac complications 

We believe that, even if the relatively short duration of observation is 
considered, these data are convincing evidence of the protective effect 
of reasonabh adequate treatment for early syphilis, and that they indi- 
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cate that cardiovascular syphilis might be largely eliminated if it were 
possible to treat adequately every patient with primaiy or secondary 
syphilis This problem will be approached from a somewhat different 
angle when we come to consider the question of the treatment for early 
syphilis received by the 165 patients with cardiovascular syphilis in this 
study 

INCIDENCE OF SYPHILIS OF HEART AND AORTA 

Several years ago a committee of the American Heart Association, 
composed of Drs Paidee, Carter, Eggleston, Krumbhaar, Marvin, 
White and Wilson, suggested an outline for the study of cardiovascular 
syphilis, including six major topics These were incidence, pathology, 
sjmiptoms, physical signs, criteria for diagnosis and treatment The 
material at our disposal permits us to consider m some detail the ques- 
tions of incidence and treatment The pathology of caidiovascular 
syphilis has been studied in this country especially by the Cleveland ® 
and Ann Arbor groups ® The symptoms, physical signs and criteria of 
diagnosis have been reviewed exhaustively by many observers, promi- 
nent among whom is Reid ^ These are again being critically examined 
by Carter and Baker of this university, who have published a preliminary 
paper ® and whose detailed studies are expected to appear in monographic 
form In this paper, we purposely omit an analysis of symptoms, physi- 
cal signs, roentgenologic diagnoses and electrocardiographic changes 
Data on these features would obscure our main argument concerning 
treatment In the patients included in this series, the diagnosis of 
aneurysm or of aortic regurgitation was obvious It is important, how- 
ever, to consider questions of incidence m some detail, since they help 
in defining our material Furtheimore, since the population of Balti- 
more includes a large number of Negioes, we have an exceptional oppor- 
tunity not only to observe large numbers of patients with cardiovascular 
syphilis, but also to compare the behavior of the disease in the white and 
coloied races 

Questions as to the incidence of cardiovascular syphilis may be 
approached m a variety of ways Actuarial estimates indicate that 
2 per cent of the population of the United States are suffering from 

5 Saphir, O , and Scott, R W Observations on 107 Cases of Aortic Insuffi- 
ciency with Special Reference to the Aortic Valve Area, the Myocardium, and 
Branches of the Aorta, Am Heart J 6 S6, 1930 

6 Warthin, A S The Distribution of Latent Syphilis in the Population, 
De Lamar Lectures, Johns Hopkins School of Hj’-giene and Public Health, Balti- 
more, Williams & Wilkins Company, 1930 

7 Reid, W D The Diagnosis of Cardiovascular Syphilis Analysis of Clin- 
ical and Post-Mortem Findings, Am Heart J 6 91, 1930 

8 Carter, E P , and Baker, B M , Jr Certain Aspects of Syphilitic Cardiac 
Disease, Bull Johns Hopkins Hosp 48 315, 1931 
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organic heart disease ° White presented a table compiled from various 
sources, which points out that m difterent parts of the world, and m 
various social classes, from 5 to 25 per cent of all cases of organic heait 
disease are due to syphilis Perhaps a satisfactory median would be 
from 10 to IS per cent If these estimates aie correct, and if the 
lowest estimate (10 per cent) for the ratio of syphilitie to organic 
heart disease is used, theie are at least 240,000 patients m this country 
with syphilitic heart disease 

The clinical incidence of caidiovascular syphilife among syphilitic 
patients in oui own clinic is shown in table 2 These data are taken 
from Turner’s paper, and aie based on the admission diagnoses of 
10,000 consecutive patients with syphilis In estimating percentages, 
however, only the 6,420 patients with late syphilis aie used, since in the 
early stages of the disease detectable lesions of the heart and aorta are 

Table 2 — Percentage Incidence oj Car dwvasciilai Syphths by Race and Sex 
Among 6,420 Patients with Late Syphilis (After Turner) 


Percentage Incidence 



/ 

A 

White Patients 

i 

Colored Patients 

A_ 

Cardiovascular Condition 

Total 

Male 

Pemale 

Male 

Female 

Aneurysm of aorta 

12 

12 

03 

30 

07 

Aortic regurgitation . 

other forms of cardiovascular syphilis 

27 

28 

1 4 

50 

1 5 

02 

4 7 

3 1 

99 

30 

Total incidence* 

10 1 


72 


n 4 


* The percentage of incidence of cardiovascular sjphilis in the total number of males iias 
13 9, in the total number of females, C7 


so lare as to be negligible The rates of incidence for aneuiysm of the 
aorta and aortic regurgitation, which form the subject mattei of this 
paper, aie given separately The caption “other forms of cardiovascular 
sj'^philis” includes uncomplicated syphilitic aortitis, angina pectoris, myo- 
caiditis, etc Aoititis is, of course, the most fiequent of these As 
Turner pointed out, cardiovasculai syphilis is more frequent in males 
than in females in the proportion of two to one, and more frequent in 
Negroes than in whites The Negro male is almost four times as liable 
to acquire this lesion as the white female That there is a definite race 
and sex predilection theie can be no doubt The excessively high rate 
among colored males is usually attributed to the influence of hard 
physical labor That this can hardly be the only explanation is indicated 


9 Dublin, L I Statistical Aspects of the Problem of Organic Heart Disease 
Am Heart J 1 359, 1926 

^ ° Disease, New York, The Macmillan Company, 1931, 

pp 302-303 

m inonn^^r^’ and Se>c Distribution of the Lesions of Syphilis 

in 10,000 Cases, Bull Johns Hopkins Hosp 46 159, 1930 
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b} the fact that the percentage incidence in colored females (7 2) is 
almost equal to that in white males (8 7) 

It IS a curious and as yet unexplained statement that cardiovascular 
sj^phihs appears to be as uncommon in the African Negro resident 
in the tropics as it is common in the American Negio (Manteufel,^- 
McArthur ^®) Like the lower incidence of neurosyphilis in the tropics, 
this is usually attributed to the lazy, care-free life of the African Negro, 
in contrast to the strain of civilization and the hard physical labor to 
which his American brothei is subjected To the skeptic, a much more 
logical explanation would appear to he in the almost inextricable con- 
fusion of syphilis and frambesia in the tropics, on the one hand, and, 
on the other, to inadequate clinical study The evidence so fai adduced 
as to the actual absence of cardiovascular lesions m tropical syphilis is 
unconvincing 

Table 3 — Race and Sex Incidence of Anemysni and Aoitic Regui giiatwn in 

This Senes of Patients 


Number of Cases m 



Total 









Number 



Total 



Total 


of 

White 

White 

White 

Colored 

Colored 

Colored 

Cardiovascular Condition 

Oases 

Males 

Females 

Group 

Males 

Females 

Group 

Aneurysm 

53* 

12 


12 

S3 

8 

41 

Aortic regurgitation 

112 

29 

10 

39 

57 

16 

73 

Totalst 

163 

41 

10 

51 

90 

24 

114 


* In nine, aneurysm a as complicated by aortic regurgitation 
t Total for males, 131, total for females, 34 


The race and sex distribution of the 165 cases of this study is shown 
in table 3 Drawn from the larger material of table 2, the figures 
in table 3 of course parallel those in table 2 closelj Nine patients with 
both aneurj^sm and aortic insufficiency ha\e been classified with the 
aneurysm group, and this classification is retained thioughout the paper 

From the pathologic standpoint, the incidence of cardiovascular 
syphilis, especially of syphilitic aortitis, is vastly highei than the acumen 
of clinical diagnosis would indicate Careful studies of syphilitic patients 
at necropsy show that aortitis is present in from 70 (Danger ’^^) to 
90 per cent (Warthin ^®) In the majority of these, the lesion must be 
beloAv the level of clinical recognition In only 39 3 per cent of Danger’s 
patients (including those with simple aortitis, those with aortic regurgi- 

12 Manteufel, P Syphilis in den Tropen, in Jadassohn Handbuch der Haut- 
iind Geschlechts-Krankheiten, Berlin, Julius Springer, 1928, vol 17, pt 3 

13 McArthur, D C Syphilis in the Bechuanaland Native Some Points 
Wherein It Differs from That Seen in the European, Brit J Dermat 35 411, 1923 

14 Danger, E Die Haufigkeit der luetischen Organveranderungen insbeson- 
dere der Aortitis luetica, Munchen med Wchnschr 73 1782, 1926 

15 Warthin, A S The Lesions of Latent Syphilis, South M T 24 273, 1931 
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tat 3 on and those with aneurysm) was the condition ccrrectly diagnosed 
during life We recentl} showed” that the diagnosis of uncomplicated 
aortitis (excluding aortic regurgitation and aneurysm) was correctly 
made or suspected ante mortem in only 16 2 per cent of 105 patients in 
whom the lesion uas found at necrops}^ 

Oliviousl} , therefore every patient with inadequately treated late 
syphilis must be suspected of having syphilitic aortitis, and in at least 

Table 4 — Age of Pahents wiih Aneuiysm and Aoitic Regni gitation in This 
Sciics, on Admission io Hospital 


Totnl 
Number . 
of 

Patients Bith ineurjsm Patients 

White 

Males 12 

1 emalos 
Colored 

Males 33 

Females S 

Patients "with aortic rcgurgltatipn 
White 

Males 29 

Pemales 10 

Colored 

Males 57 

Females 10 

Total 

White 51 

Colored 114 

Moles 131 

Females 34 


Number Who on Admission Were of Age Given 

A - — 

21 30 

31 40 

41 50 

51 00 

Cl 70+ 

\T 

Tr 

Yr 

Tr 

Yr 


2 

2 

4 

4 

3 

12 

11 

7 



1 

6 

1 



3 

5 

n 

8 

2 


3 

3 

4 


2 

22 

19 

14 


4 

7 

4 

1 



3 

10 

16 

16 

6 

9 

42 

40 

23 


8 

41 

43 

33 

6 

4 

11 

13 

6 



Table 5 — Avciage Age of Patients xvith Ancinysm and Aoitic Regw gitation, on 

Admission to Hospital 


Average Age, Tears 



i 

White 

White 

Total 
M hite 

-A. 

Colored 

Colored 

Total 

Colored 

Diagnostic Group 

Males 

Females 

Group 

Males 

Females 

Group 

Patients ivith nneurjsm (46 jr ) 

53 


53 

42 

45 

43 5 

Patients ■with aortic regurgitation (43\r) 

46 

46 

40 

44 

40 

42 

Totals* 



48 



42 


* Utrngo age of total number^ of males, 45 jears, females, 41 jears 

7 of eveiy 10 cases this suspicion tvill be verified at necropsy Equally 
obviously, the situation is not so senous as this from the clinical stand- 
point Many^ of the pathologic diagnoses of syphilitic aortitis are based 
on the finding of microscopic lesions in the aortic wall which are not 
onh below the threshold of clinical recognition but also below that of 
marked physiologic disturbance The diagnostic issue must be met by 
caieful and reasonably frequent periodic reexamination of all syphilitic 
patients and by the routine use of fluoroscopic and teleroentgenographic 
examination of all patients with late syphilis, in order to detect the 
presence of aortitis at the earliest possible moment Here, as m the 
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diagnosis of syphilis itself, the most successful clinicians will be those 
who possess what Stokes aptly termed a “high index of suspicion ” 

AGE or PATIENTS WITH CARDIOVASCULAR SYPHILIS 

In table 4 is shown the age on admission of the 165 patients in this 
series It is interesting to note that both aneurysm and aortic regurgi- 
tation tend to appear at a later age m white males than in other groups 
For example, 68 per cent of the white males with aneurysm and 34 per 
cent of those with aortic insufficiency were over the age of 50, while, 

Table 6 — Dui ation of Infection with Syphilis in Patients zmth Aneui vsni and 

Aortic Re gui git ation 


Number Whose Infection on Admission 



Total 

Number 

of 




Was of Duration Given 






' 0 5 

610 

11 15 

16 20 

21 25 

26 30 

31 35 

36 40 

^ 

41 45 Duration 

Diagnostic Group 

Patients 

Yr 

Ir 

Tr 

Yr 

Yr 

Yr 

Yr 

Yr 

Yr 

UnLnovin 

Patients with aneurysm 

53 


3 

6 

9 

3 

4 

2 

2 

1 

2> 

Patients uith aortic regur 
gitation 

112 

2 

5 

9 

18 

10 

3 

4 

3 


58 




— . 1 

— — 

■ 

-■ ■- 

■ . 1 ■ 




■ 1- 1 

— ■ 

Total 

165 

2 

8 

15 

27 

13 

7 

6 

5 

1 

81 


Table 7 — Aveiage Dm ation of Infection with Syphilis in Patients zvith Aneurysm 

and Aortic Regm gitatwn 


Average Duration, Tears 


! 


Total 



Total 

White 

White 

White 

Colored 

Colored 

Colored 

Diagnostic Group Males 

Patients with aneurysm (21 yr ) 24 

Patients with aortic regurgitation 
(20 jr) 21 

Females 

(Insufficient 

data) 

Group 

Males 

20 

19 

Females 

(Insufficient 

data) 

(Insufficient 

data) 

Group 

Total* 

(Insufficient 

data) 

22 


(Insuffic ent 
data) 

20 


* The average duration of infection in the total number of males was 20 years 

of Negro males with these conditions, only 20 per cent and 24 per cent, 
respectively, were over the age of 50 Forty-five per cent of the 
Negroes were affected before the age of 40, while only 25 per cent of the 
whites weie affected before this age The majority of the cases occur, 
as has been repeatedly shown, in the fifth decade of life 

The same data, summarized and rearranged, appear in table 5 
Here it is again shown that with both types of lesion, whites are affected 
later in life than Negroes and males later than females The explana- 
tion of this observation is not clear That physical stress plays any 
part seems unlikely, since the youngest group to be affected is that of 
Negro females Duration of infection with syphilis may be the 
responsible factor 
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DURATION or INFECTION AND CARDIOVASCULAR SYPHILIS 

Data bearing on this point are presented in table 6 and are sum- 
mauzed in table 7 In almost half the cases no history of early syphilis 
was obtainable This was true of most of the women and a few of the 
men In 2 patients, aortic regurgitation developed within the first five 
years of the infection Sixt 3 '-five per cent of the cases occuired between 
the eleventh and twenty-fifth ^'’ears of the infection There is no pei- 
ceptible difference between the aneurysm and aortic regurgitation groups 
The summary in table 7 shows that cardiovascular syphilis tends to 
develop sooner in Negro males than in white males, and that aortic 
regurgitation tends to appear in both races a little earlier than aneurysm 
These figures suggest that cardiovascular syphilis develops in Negroes 
at an earlier age than in white patients because they are infected eailier 
in life The average age at infection of the two groups in this senes is 

Table 8 — Dilation of Symptoms on Admission (Pnoi to Ti eatment) in Patients 
with Aneuiysm and Aoitic Rcgui gitation 


Diagnostic 

Group 

Patients with aneurysm 
Patients with aortic re 
gurgitation 

Total 


Total No Number Mith No on 

Num Who Duration ol Symptoms Whom 

her Had Given No Data 

of HadNOr ' < Mere 


Pa 

tients 

Symp 

toms* 

1 12 
Wk 

4G 

Mo 

79 

Mo 

10 12 
Mo 

1 2 
Yr 

23 

Yr 

3+ 

Yr 

Ob 

tamed 

D3 

9 

12 

14 

7 

4 

2 

3 

1 

1 

112 

11 

SC 

15 

7 

12 

8 

8 

G 

0 

1G5 

20 

""li 

29 

14 

10 

10 

11 

7 

10 


• These patients had had no s>mptoms indicating cardiovascular damage The lesion was 
discovered during routine phjsical examination 

22 and 26, lespectively No adequate data aie available for the duration 
of infection in females of either race 


DURATION OF SYMPTOMS OF CARDIOVASCULAR SYPHILIS 

The data showing the duration of symptoms on admission to the 
clinic and before the institution of treatment are piesented m table 8 
In 9 patients with aortic aneurysm and 11 with aortic regurgitation there 
had been no symptoms of any sort pointing to cardiovascular damage 
Each of these 20 patients came to the hospital for some other reason, and 
the lesion was discovered in the couise of loutine physical examination 
No stronger evidence could be presented of the necessity for thorough 
examination of all patients with syphilis In the majority of patients, 
the onset was relatnely abiupt, with dyspnea on exertion, paroxysmal 
noctuial dyspnea, pain or even the sudden onset out of an apparently 
clear sky of congestive heart failure Such patients quickly sought relief 
Not infrequently, howeier, the onset was insidious and slowly pro- 
gressive, and in 28 patients (6 with aneurvsm and 22 with aortic legurgi- 
tation) symptoms had existed for more than a }ear before the patient 
came to the hospital Here the usual storj^ was one of the gradual 
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appearance of slight exertional dyspnea, which only slowly became 
more marked or associated with other more alarming symptoms We 
have no information as to the extent to which these patients had con- 
sulted other physicians before coming to the Johns Hopkins Hospital, 
but we have the impression that this Avas not frequent 

From our material nothing can be said as to the time of appearance 
of physical signs as related to symptoms, age or duration of infection 
In all of our patients, characteristic physical signs were present at the 
time of admission To answer this question would necessitate the care- 
ful following up of a large series of patients with early syphilis over 
a long period of years 

SOCIAL STATUS AND OCCUPATION 

Four patients in this series weie from the private practice of one of 
us (J E M ) , the remainder were from the semifree clinic of the 

Table 9 — Otha Lesions of Syphilis Associated with Aneiiiysm and Aoitic 

Regiii gitation 


Total 

Number 


Cardiovascular of 

Condition Cases 

Aneurysm 53 

Aortic regurgitation 112 


No m Which 
Some other 
Lesion of 
Syphilis 
Was 
Present 

15 9 

(2 tabes, 1 de 
mentia paralytica, 

2 asymptomatic, 

4 meningoi ascular) 

29 20 

(8 tabes, 

3 asymptomatic, 

3 vascular, 

6 meningovascular) 


Skin Eye Other 
4 1 


2 1 

(gumma of 
larj n\) 


Number in Which the Other Syphilitic Lesion 
Was of Type Given 

A 

r 

Central 
Nervous 

System Bone 
2 


Johns Hopkins Hospital Of the 131 males, all except 12 had been 
engaged in some occupation that demanded considerable physical exer- 
tion , and all of the females except one had done their own housework 
Only general statements can be made as to the physical and constitu- 
tional status of our patients Except for the presence of cardiovascular 
syphilis and its complications, most of them appeared to be in remark- 
ably good physical condition Associated diseases not due to syphilis 
were uncommon Most of the men w^ere finely developed muscular per- 
sons, apparently in the prime of life 

COINCIDENT SYPHILIS OF OTHER ORGANS 
The frequency with which these patients with cardiovascular syphilis 
were also affected by other syphilitic lesions is shown in table 9 Here 
IS reemphasized the frequent association, so often pointed out, of syphilis 
of the cardiovascular apparatus and syphilis of the nervous system 
Seventeen per cent of the patients Avith aneurysm and 18 per cent of 
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those ^\lth aortic regurgitation had coincident clinical e\idence of neuro- 
s\ phihs Cunousl) enough, late cutaneous lesions occurred in 7 5 per 
cent of the gioup with aiieur}sni but in only 1 7 pei cent of the patients 
with aortic regurgitation, while the reverse relationship was true for 
late osseous syphilis, wdiich occurred in 3 7 per cent of the group with 
aneurysm and in 6 2 per cent of that wuth aortic regurgitation It is 
probable that these relationships are only apparent, depend on the rela- 
tively small numbei of cases involved and have no real statistical 
significance 

THE WASSERMANN REACTION OF THE BLOOD AND THE CEREBRO- 
SPINAL FLUID IN CARDIOVASCULAR SYPHILIS 

In table 10 appear the figuies dealing with the Wassermann leaction 
of the blood and with the cerebrospinal fluid of the patients under con- 
sideration Of the patients wuth aneurysm, 98 1 per cent, and of those 

Table 10 — The Wasseimann Reaction of tht Blood and the Results of Tests of 
the Cerebi osptnal Fluid in Patients xviih Anetiiysin and 
Aoitic Regni gitation 


Total Total Number with 

Number Number with Wassermann Number Reaction of 
with Data on Reaction of the Blood with Data on Cerebrospinal Fluid 

Wassermann as Given Cerebrospinal as Given 

Diagnostio Reaction , ■'- , Fluid , ^ 


Group 

Available 

Positive 

Doubtful 

Negatnc 

Available 

Positive 

Negative 

Patients with 
aneurj sm 

52 

50 

1 

1 

20 

s 

12 

Patients with 
aortic rogurgi 
tation 

111 

102 

■) 

4 

52 

11 

41 

Total 

103 

152 

0 

J 

72 

19 

53 


With aortic regurgitation, 96 4 pei cent, had a positive Wassermann 
reaction of the blood As Caiter and Baker ® pointed out m their suivey 
of similar patients drawm fiom the same hospital but from a different 
serMce, these figuies aie m excess of many published statistics 

The spinal fluid of our patients with cardiovascular syphilis has 
not been tested as a routine as has that of our patients wuth other types 
of late syphilis In many instances we have felt that the patient was so 
ill fiom his caidioiascular lesion that, w^hether or not he show^ed 
clinical evidence of neurosyphilis, it w^as unnecessary and unjustifiable to 
inflict on him the added discomfort of lumbar puncture The figures 
shown in table 10 have therefore no real significance, except as they 
corroborate the clinical diagnoses of neurosyphilis showm in table 9 
Elsewhere we haie published data showing that the incidence of 

16 l^foore, J E, and Faupel, ^Iildred Asymptomatic Neurosyphilis V A 
Comparison of Eady and Late Asymptomatic Neurosyphilis, Arch Dermat & 
Siph 18 99 (Tulv) 1928 
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abnormal spinal fluids in 94 patients with cardiovascular syphilis, but 
without any clinical evidence of involvement of the central nervous 
system, was 17 per cent A reasonably accurate estimate of the inci- 
dence of neurosyphihs complicating cardiovascular syphilis may be 
set at from 30 to 35 per cent, by adding the percentage for asymp- 
tomatic neurosyphihs (17 per cent) to the percentage of patients in the 
present series with associated clinical neurosyphihs (17 per cent) 
Stokes,^^ in his admirable chapter covering a survey of 200 white patients 
with cardiovascular syphilis, reported that 49 per cent of them had 
clinical signs of neurosyphihs, and that an additional 5 per cent had 
abnormal spinal fluids but no signs Thus, almost one third to one half 
of all patients with cardiovascular syphilis show clinical or serologic 
evidence of associated involvement of the nervous system It may be 
mentioned in passing that the reverse relationship is still more frequent 
in certain types of neurosyphihs Thus, while not all patients with 
cardiovascular syphilis have tabes, practically all tabetic patients have 
syphilitic aortitis 

ASSOCIATION OF CARDIOVASCULAR SYPHILIS AND NEUROSYPHILIS 
AS A COMPLICATING FACTOR IN TREATMENT 

The frequent association of cardiovascular syphilis and neurosyphihs 
often complicates the problem of treatment One may be hard put to 
it to decide which is the more important from the patient’s point of 
view Given, for example, the association of dementia paralytica or 
tabes dorsalis with optic atrophy and cardiovascular syphilis, to what 
extent is one justified in subjecting the patient to treatment which is 
adequate to restore sanity or to prevent or delay loss of vision but 
which may hasten death from the cardiovascular lesion^ Each case is a 
problem to be decided on its merits Recently, one of us (J E ’M ) 
was confronted with the problem of treatment of a private patient with 
tabes and dementia paralytica (not included in this series) with a 
manic-grandiose psychosis, rapidly progressing bilateral optic atrophy, 
syphilitic aortitis with aortic regurgitation, chronic nephritis, hyper- 
tension (200 systolic and 120 diastolic), beginning cardiac decompensa- 
tion and a history of severe postarsphenamme exfoliative dermatitis 
The patient’s only chance of recovery from the dementia paralytica 
appeared to he in fever therapy, tryparsamide being contraindicated 
because of the optic atrophy After preliminary digitalization and 
apparent recovery of cardiac compensation, he was inoculated with 
malaria This had to be terminated after six paroxysms because of a 
rapidly rising nonprotein nitrogen and impending uremia , but after an 

17 Stokes, J H Modern Clinical Syphilology, Philadelphia, W B Saunders 
Company, 1926, p 818 
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interval of three weeks, during which these complications disappeared, 
he was reinoculated and nursed safely through six more paroxysms 
Within a month after treatment, he had a complete remission so far as 
the psychosis was concerned He was able to leave the psychiatric 
hospital in which he had been confined, and it is noAV possible to under- 
take the further treatment for the cardiovascular features of his illness 
with measures that would have been utterly mefiective for the neurologic 
manifestations 

Usually, however, one is faced with a less serious problem, in that 
the choice of a method of therapy is less for the purpose of dealing 
with two manifestations of syphilis, either of which will surely be fatal 


Table 11 — Type and Amount of Anitsyphthttc Treatment Received by Patients 
zuith Aneurysm and Aoitic Regurgitation Prioi to Development 
of Cai diovasadai Syphilis 


^umbe^ Number Who Had Had Treatment for Given 
Number Who Had Type of Si phllis Prior to Onset of 




Number 

With 

Had No 


Cardiovascular Lesion 




with 

No 

Treatment 

/ 







History 

History for Syphilis 


Early 

Late 




of 

of 

Prior to 

Early 

Syphilis 

Sj phllis 

Late 


Total 

In fee 

Infec- 

Onset of 

Syphilis 

(Treatment 

(Treat 

Syphilis 


Number 

tion 

tion 

Oardio 

(No 

Included 

ment 

(Treat 

Diagnostic 

of 

with 

with 

vascular 

Arsphen 

Arsphen 

Inadc 

ment 

Group 

Patients Syphilis 

Syphilis 

Lesion 

amine) 

amine) 

quate) 

Adequate) 

Patients with 









nncur j sm 

D3 

SO 

23 

48 

3 

1 

1 


Patients wfith 









aortic regur 









gitatlon 

112 

54 

08 

99 

8 

3 


2 

Total 

103 

84 

81 

147 

11* 

4t 

1 

2 


* In two eases, the administration of mercury (by rubs or by mouth) was continued for 
from tuo to three years, m all others, for a few weeks or months only 

t In these eases, the number of injections of arsphenamine for early syphilis was from 
one to three 


Without treatment, than for that of accomplishing the amelioration of 
distressing symptoms of neurosyphilis by a scheme of treatment that 
will also be of benefit from the cardiovascular standpoint Tryparsamide 
or intraspinal treatment with heterologous arsphenamized serum can 
sometimes be employed without added i isk and with considerable benefit 
An intensification of arsphenamine therapy past the point advisable 
from the standpoint of the circulatory apparatus calls for the most 
searching scrutiny and careful observation of the patient 


RELATIONSHIP OF PREVIOUS ANTISYPHILITIC TREATMENT TO 
DEVELOPMENT OF CARDIOVASCULAR SYPHILIS 

We have pointed out that reasonably adequate treatment for early 
Syphilis appears to protect the patient against a subsequent development 
of cardiovascular syphilis In table 11. we approach this important ques- 
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tion from another angle, that of the amount of treatment for syphilis 
received by the patients in this series before the development of cardio- 
lascular damage For the sake of completeness, we reemphasize the 
fact that only 30 of the 53 patients with aneurysm and 54 of the 112 
with aortic regurgitation gave any history of possible early manifesta- 
tions of the infection Practically all of the remaining 81 patients 
(49 per cent) had no idea that they had syphilis until the diagnosis 
was made at the time of their admission to the hospital for cardio- 
vascular syphilis This includes almost all of the 34 women in the 
senes, and also a laige number of the men Stokes,’^' dealing with an 
exclusively white clientele, found that one third of Ins’ 200 patients with 
cardiovascular syphilis could give no history of infection Symptomless 
infection, now demonstrated m animals,^® or infections with insignifi- 
cant chancres and an absent or unobtrusive secondary outbreak, must 
be nearly as common in patients in whom cardiovascular syphilis subse- 
quently develops as in those who fall victims to neuiosyphilis In any 
large series of patients with cardiovascular syphilis, therefoie, one can 
expect that from one third to one half of the patients will never have 
received any previous treatment, because they will have been unaware 
that they were infected 

It IS startling to note, however, that m our material only 15 of the 
84 patients who gave a history of eaily syphilis had ever taken any 
treatment for it Of these, 11 had had onlj- mercury, and only 2 of the 
latter group had continued this foim of therapy for what was felt, in 
the prearsphenamine days, to be an adequate length of time Nine had 
taken the drug for a few weeks or months only, stopping because they 
thought themselves cured Four patients had received from one to three 
injections of an arsphenamme product at the time of their infection 
Not a single patient m this whole series had received as many as six 
injections of arsphenamme for early syphilis These figures are m 
striking corroboration of the opinion that adequate early treatment 
prevents the development of cardiovascular damage Three additional 
patients had been treated before their admission for neurosyphihs, the 
cardiovascular lesion either having been overlooked or having subse- 
quently developed Two of these had received as many as two courses of 
treatment with arsphenamme with interim treatment with heavy metal 
compounds 

One hundred and forty-seven patients (89 per cent) had ne\er 
received treatment for syphilis 

These data, with the figures guen in an earlier paragraph as to the 
incidence of cardiovascular sj^phihs m patients receiving varying amounts 

18 Kolle, W Ueber symptomlose Infektionen und ihre Bedeutung fur Epi- 
demiologie, Pathologic, und Immunitat, insbesondere der Syphilis, Schweiz med 
Wchnschr 59 517, 1929 
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of treatment foi earl} s}pl'nhs at our hands, have an important beaiing 
on the control ersy taking place, especially in Germany, over the appar- 
ently increased incidence of syphilitic aortitis since the introduction of 
arsphenamine Ganger’s important paper “ provides a discussion of 
this disputed point He and others concluded that there has been a 
striking increase in the incidence of syphilitic aortitis as observed at 
neciopsy during the past fifteen years Our material indicates, first, that 
the vast majority of all patients with cardiovascular syphilis have never 
been previously tieated, second, that a relatively small amount of 
arsphenamine appears to protect the patient against the development of 
cardiovascular damage Our feeling is that the increased incidence is 
more apparent than real and is based on increasingly accurate pathologic 
study and a moie intimate knowledge of the microscopic lesions of 
syphilitic aoititis 

THE LITERATURE ON THE TREATMENT OF CARDIOVASCULAR SYPHILIS 

We have not attempted a detailed review of the literature on the 
treatment for cardiovascular syphilis, chiefly because there are few 
reports with the material of whicli ours may be compared It is difficult, 
if not impossible, to obtain from the oldei literature any clear idea of 
how often oi to what extent actual benefit occurred Most writers on 
the subject (and this criticism applies also to the more modern writers) 
discuss the piognosis and outcome in “cardiovascular syphilis” or in 
“syphilitic aortitis” without differentiating the clinical material further 
Obviousl} , the prognosis and the results to be expected from treatment 
should be better in the stage of simple aortitis than after tlie development 
of aoitic insufficiency or of aneurysm, and in the latter two condi- 
tions, bettei befoie than after the appearance of manifest myocardial 
failuie Many of the older clinicians, and more recent authors as well, 
advocate one or another method of treatment, or advise against treat- 
ment, on the basis of their opinions, failing to detail the facts on which 
their opinions are based Others describe the results of treatment m 
a small number of cases To draw conclusions from individual instances 
of apparent therapeutic success or failure, or to consider a few cases 
only, no mattei how carefully studied, is a dangerous procedure in a 
condition in winch progress without treatment is so vanable as in cardio- 
1 ascuiar sj'philis The only fair method of approach to the problem is 
b) the statistical stud} of a largei number of comparable cases 

We have been able to find four papers m which data are presented 
in some degiee comparable with our own In 1919, Reid reported the 
results of treatment in 61 patients with syphilitic aortitis, of whom 43 

19 Reid, W D Prognosis cf Specific Aortitis, JAMA 73 1832 (Dec 13) 
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presumably had aortic regurgitation He was able to follow only 22 ot 
these patients, but concluded that with proper treatment symptoms were 
alleviated and life definitely prolonged It is not possible to be sure 
how many of his followed patients had simple aortitis or aortic insuffi- 
ciency, and the numbers involved are too small for statistical accuracy 
as to prolongation of life 

Cotton,^® in 1926, discussed the ultimate outcome in 107 patients 
with aortic regurgitation, of whom 7 also had aortic aneurysm Fifty- 
two of this group were given no antisyphihtic treatment and were used 
as controls The remaining 55 were treated with courses of neoarsphen- 
amine and mercury The author is not clear as to how much treatment 
was given, though it is implied that all of the treated patients received 
a course of each drug once a year for five years He said that both the 
untreated and the treated groups were given the same type of general 
medical care, and that they were observed ovei a five year period 
Presumably, at the end of this period, 34 of the 52 untreated patients 
were still living and 18 were dead, a mortality of 34 per cent Of the 
55 treated patients, 41 were still living and 14 dead, a mortality of 
25 per cent Thus treatment appeared to offer a 9 per cent increased 
chance of survival for the period of observation It is unfortunate that 
Cotton did not define more accurately the duration of life in tieated and 
untreated patients On the basis of our own mateiial and that of other 
observers the world over, it is difficult to believe that 34 of the 52 
untreated patients with aortic regurgitation survived for a full five 
years, since it is generally agreed that the average duration of life after 
the onset of symptoms in untreated patients with aortic reguigitation is 
from one to two years (Scott) The value of Cotton’s paper is much 
impaired by this omission and by his failure to provide more accurate 
details of the treatment given 

Conybeare reported on the effect of treatment in aortic aneurysm 
His senes was small, consisting of only 23 patients, but his data are 
well presented Twelve patients, serving as controls, received no anti- 
syphihtic treatment Of these, 4 were living at the time of the report, 
the average duration of life from the onset of symptoms being forty- 
five months , 8 were dead in an average period of ten months Eleven 
patients were treated with varying amounts of neoarsphenamine Only 
2 of these received much treatment, the remaining 6 all being given 
from one to eight injections of the drug In spite of this relatively 

20 Cotton, F F Cardioaortic Syphilis and Its Treatment, Brit M J 1 855, 
1926 

21 Scott, R W Syphilitic Aortic Insufficiency, Arch Int Med 34 645 (Nov ) 
1924 

22 Conybeare, J J The Treatment of Aortic Aneurysm by Anti-Syphihtic 
Remedies, Guy’s Hosp Rep 74 163, 1924 
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small amount of treatment, 7 of the treated patients were still living 
over an average period of forty months from the onset of symptoms, 
and 4 of these were symptom-free and able to do hard physical labor 
Four were dead in an average period of thirty months On the basis of 
tliese figures, Conybeaie was convinced of the value of neoarsphenamine 
m aortic aneurysm 

Recentl>, Herrmann and Jamison-^ discussed the outcome of treat- 
ment m 100 patients with aortic regurgitation, all of whom had had 
congestive heart failure before treatment was started Unfoitunately, 
these authors subdivided their material into small groups and attempted 
a simultaneous but not interrelated analysis of the efitect of varying 
amounts and types of antisyphilitic treatment and the effect of such 
various measures to relieve congestive heart failure as ouabain, large 
versus small doses of digitalis, etc , so that it is difficult, if not impos- 
sible, for the reader to unravel the significance of their figures Dis- 
regaiding all featuies of their report except that dealing with 
antisyphilitic tieatment, and leariangmg their figuies for the sake of 
simplicity, one finds that 40 patients received little or no treatment, of 
whom 12 were living and 28 dead at the date of reporting, a mortality 
of 70 per cent Fifty-eight patients were given what we should regard 
as a moderate amount of tieatment (coi responding roughly to the 
tieatment given our gioups 2 and 3, subsequently to be described) , of 
these, 26 were living and 32 dead, a mortality of 55 per cent It is 
impossible to extract fiom this paper any quotable details as to the 
average duration of life in the various groups The authors concluded, 
however, that antisyphilitic treatment definitely prolongs life, and that, 
while living, tieated patients are usually much more comfortable than 
those who are untieated Herrmann and Jamison properly laid great 
stiess on the piognostic importance of congestive heart failure and the 
necessity for adequate supportive treatment from the standpoint of the 
ciiculation 

EVOLUTION or A METHOD OF TREATMENT FOR CARDIOVASCULAR 

SYPHILIS 

The past twenty }'ears have seen thiee almost complete revolutions 
in the attitude of physicians toward the treatment for cardiovascular 
si^philis Before the introduction of arsphenamine, it was generally 
agieed that some benefit could be obtained from the judicious use of 
mercury alone, mercury with iodides or the iodides alone Symptomatic 
improvement occurred often with a combination of these treatments, 

23 Herrmann, G, and Jamison, C The Treatment of Cardiovascular Syphilis 
with Especial Reference to Aortic Regurgitation with Congestive Heart Failure 
Am J SvTih 15 1, 1932 
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and many able clinicians were convinced that, at least in individual cases, 
life was prolonged 

After the introduction of arsphenamine, and in spite of the original 
cautions against its use in patients with damaged hearts, it was almost 
as universally applied to the treatment of patients with syphilitic heart 
disease as to the treatment of those with late s)’^philis of all types At 
this point, our experience in the management of cardiovascular syphilis 
began The results of this indiscriminate use of a powerful drug were 
disastrous It was found that when the drug was given m average 
therapeutic dosage to ambulant patients, sudden death might occur dur- 
ing the injection Such reactions were characterized by fainting, ashy 
gray-green pallor and profuse sweating, the pulse became rapidly 
imperceptible, the patient gave a few gasps and died At least four 
such deaths occurred in our own clinic 

Electrocardiographic studies by Reid and by Wilson, Wile, 
Wishart and Herrmann have an important bearing on the mechanism 
of this type of reaction Each of these observers gave arsphenamine in 
average therapeutic doses (from 0 3 to 0 4 Gm ) to patients with syphi- 
litic heart disease, obtaining electrocardiographic records before and 
shortly after the injection Reid observed changes that he interpreted 
as a prolongation of conduction time and a shortened refractory period 
of the muscle He concluded that m a heart which is damaged by 
syphilis, and which is in “a bad metabolic state,” these two changes 
predispose to the occurrence of ectopic ventricular tachycardia or to 
ventiicular fibrillation, the latter of which is, of course, suddenly fatal 
Wilson and his co-workers likewise noted abnormal idioventricular 
rhjfthm and diphasic complexes suggesting incomplete bundle branch 
block, and concluded that, m cardiovascular syphilis, the administration 
of arsphenamine may sometimes be followed by myocardial changes of 
an undesirable kind 

A second type of disastrous outcome was sudden death within from 
twenty-four to forty-eight hours after the injection of Me. drug, due to 
therapeutic shock ( Jaiisch-Herxheimer reaction) ^Gsually this w^as 
due to sudden coronary occlusion or to lupture of An aneurysm Still 
a third untow^ard effect was the sudden appearance of congestive heart 
failure in patients whose cardiac compensation had been adequate before 
treatment This w^as emphasized by ^^hle as “the therapeutic paradox ” 

24 Reid, W D The Mechanism of the Toxic Action of Arsphenamine on 
the Heart, J A M A 84 883 (Afarch 21) 1925 

25 Wilson, F N , Wile, U J , Wishart, S W , and Herrmann, G R Changes 
m the Electrocardiogram Following the Arsphenamine Treatment of Cardiac and 
4ortic Syphilis, Proc Soc Exper Biol 23 275, 1926 

26 Wile, U J The Treatment of the Syphilitic Liver and Heart A Thera- 
peutic Paradox, Am J M Sc 164 415, 1922 
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He attributed the phenomenon to the rapid healing of syphilitic inflam- 
matory tissue m the aortic wall, valve cusps or myocardium, which is 
then replaced by contracting scar tissue This brings about anatomic 
healing, but leaves the patient functionally worse than before treatment 
The earl}'’ current favorable opinion as to the beneficial effect of treat- 
ment with arsphenamine, summarized by Longcope,~‘ nas more than 
counterbalanced by the ill effects just described 

For a time, the pendulum swung back, and it was generally thought 
that, since the daugei of treating patients n ith cardiovascular syphilis 
was far greater than the improvement to be expected, it was bettei to 
give no antisyphihtic tieatment or, if any, mercury and potassium 
iodide only, as in the piearsphenamine era We shared in this feeling 
of pessimism, and for seveial years oui patients received no treatment 
other than the usual medical measures of rest, diet, digitalization and 
restriction of activity Patients so heated constitute a large part of our 
control material, shortly to be described 

The World War was parti v responsible for the inauguration of the 
plan of treatment of persons with cardiovasculai syphilis which we non 
employ, and which, subject to various modifications, has been inde- 
pendently evolved b} many othei observeis Neoarsphenamme became 
popular during the war years because of its ease of admimstiation It 
was found to be less prone to pioduce minor reactions m average thera- 
peutic doses than arsphenamine and m small dosage to be piactically 
free from any after-effect This led to its tiial cautiously m patients 
with cardiovascular syphilis, and it ivas generally found that uith propei 
precautions such patients could tolerate small doses (from 01 to 0 3 
Gm ) without the dangers of sudden death from ventncular fibrillation 
01 from therapeutic shock The measures taken to avoid the lattei 
disaster, namely, several months of prehminar} treatment with mercury 
and the iodides in order to promote slow rathei than lapid lesolution 

27 Longcope, W T Sj'philitic Aortitis Its Diagnosis and Treatment, Arch 
Int Med 11 IS (Jan ) 1913 

28 Braun, L Ueber die BeViandlung der sypliilitisclicn Herz- und Gefass- 
krankheiten, Wien med Wchnschr 77 122 and ISO, 1927 Goldberg, B I The 
Value of Specific Treatment in Cardiovascular Syphilis, Boston M & S J 193 768, 
1925 Herrmann and Jamison (footnote 23) Hines, L E , and Carr, J G The 
Use of Intravenous Arsenicals in the Treatment of Cardiovascular Syphilis, Am 
Heart J 6 142, 1930 Horder, T Syphilis of the Heart and Aorta and Its 
Appiopriate Treatment, Brit J Ven Dis 2 117, 1926 Scherber, G Die Behand- 
lung der verschiedenen Formen der syphihtischen Mcsaortitis, Dermat Wchnschr 
92 56, 1931 Schlesmger, H Die Eehandlung der Mcsaortitis im Stadium der 
Dekompensation, Wien khn Wchnschr 43 562, 1930 Schottmuller, H On the 

J SyP'’ ^ ^925 Stokes (footnote 17, 

P 850) Symposium (Citron, Galewsky, ICisch, Leschke, Ritter, Schlesmger) 

w Erfolge der spezifischen Therapie bei Aorten Svphilis, Dermat 

Wchnschr 92 19, 1931 - 1 > 



898 


ARCHIVES OF INTERNAL MEDICINE 


of syphilitic inflammatory tissue, were also found to be of value m 
preventing the therapeutic paradox The introduction of bismuth pro- 
vided another drug free from dangerous after-effects and therapeutically 
more active than mercury From the accumulated experience with the 
use of these drugs, m combination with the older medical measures, has 
evolved the rather elastic treatment scheme which we now describe 

If, on admission, the patient has any evidence of congestive heart 
failure, he is promptly put at complete rest in bed and is digitalized 
Diet and fluid intake are restricted If there is no edema, antisyphihtic 
medication, except for the iodides, is omitted until compensation has 
been regained If edema is present, one of the soluble mercurial salts 
(for example, succmimide intramuscularly or salyrgan intravenously) 
may be employed for a few days for its combined diuretic and anti- 
syphihtic effect As Brooks and also Carter and Baker ® pointed out, 
patients with cardiovascular syphilis, especially Negroes, seem to be 
more refractory to digitalis than those with other forms of cardiac 
failure, and even large doses sometimes fail to produce any physiologic 
effect Rest m bed is prolonged, if possible, until well after compen- 
sation has been recovered , convalescence is purposely slow, and gradu- 
ated exercise is rigorously supervised On discharge from the hospital, 
restriction of activity is insisted on, often necessitating a change of 
occupation from manual labor to a sedentary position requiring a mini- 
mum of physical exertion The patient is warned against sudden 
physical strain of any type Powdered digitalis, in a dosage of from 
01 to 0 2 Gm daily, is given to ambulant patients with a low cardiac 
reserve over indefinite periods of time, sometimes continuously For 
anginal pains or substernal discomfort, the nitrites and a mixture con- 
taining theobromine and phenobarbital have proved helpful Careful 
watch IS kept for an impending repetition of cardiac failure, and if 
symptoms appear, rest in bed is immediately reinstituted Encourage- 
ment IS essential, and it is often wise to conceal the gravity of the 
situation from the patient, at the same time notifying a responsible 
member of the family of a possible unfortunate outcome 

Antisyphihtic treatment, usually with intramuscular injection of an 
insoluble bismuth salt combined with the administration of potassium or 
sodium iodide by mouth, is started as soon as a fair degree of cardiac 
reserve has been established The dosage of bismuth is usually small at 
first — 0 1 Gm every four or five days If this is tolerated for four or 
five injections without an upset, as is ordinarily the case, the dose is 
increased to 0 2 Gm once a week At the start of treatment, we believe 
that insoluble bismuth salts are preferable to soluble salts, because of 
their slower absorption, and preferable to mercury by any route because 

29 Brooks, H The Treatment of Cardiovascular Syphilis, Warthin Anni- 
versary Volume, Ann Arbor, Mich, George Wahr, 1927, p 117 
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of their lower toxicity and more certain therapeutic effect The dosage 
of the iodide is usually 1 3 Gm three times a day, increasing rapidly 
to 4 Gm three times daily Larger doses than these appear to be 
unnecessary This type of treatment with bismuth and the iodides is 
continued for at least from ten to twelve weeks before any arsphenamine 
product IS given Indeed, in some patients who never succeed in estab- 
lishing a satisfactory degree of cardiac reserve, the use of any arsenical 
drug IS omitted, and treatment earned on with courses of bismuth and 
the iodides alternating with rest periods of from two to four months, 
or with courses of mercury by inunction If, on completion of the first 
course of bismuth, the patient has not sufficiently recovered compensa- 
tion as to be completely ambulatory without the persistence of slight 
edema or some exertional dyspnea, the arsenical drug of choice is bis- 
marsen (bismuth arsphenamine sulphonate) This preparation is 
administered intramuscularly in a dosage of first from 0 05 to 01 Gm 
not oftener than every five days, and later, if no reactions occur, 0 2 Gm 
every four to seven days A course of bismarsen consists of from twelve 
to twenty injections If, on the other hand, the patient is able to be 
ambulatory with only slight or no symptoms of cardiac embarrassment, 
neoarsphenamme administered intravenously, is employed The initial 
dosage is again minute, from 0 05 to 0 1 Gm , and is cautiously increased 
at weekly intervals and by gradual steps until the usual maximum dose 
of 0 3 Gm IS reached In rare instances, when patients are symptom- 
less, this maximum may be exceeded, and 0 45 or 0 6 Gm given The 
aim of treatment is, however, to avoid reactions of any kind , hence the 
larger dosage of neoarsphenamme, and the use of old arsphenamine 
particularly, are avoided A course of neoarsphenamme consists of from 
ten to twelve injections Whenever possible, treatment is continued by 
this system of courses of bismuth and the iodides alternating with 
courses of neoarsphenamme in small dosage, without rest periods of any 
kind, for an indefinite period of time, and certainly for a minimum of 
two years After two years of continuous treatment, if the patient’s 
general physical condition is satisfactory, it is permissible to institute 
long periods of rest It is probably wise to give an occasional course of 
bismuth followed by one of bismarsen or neoarsphenamme, say perhaps 
once a year, for the duration of the patient’s life The minimum require- 
ment of two years of treatment has been arbitrarily set, based on the 
dinical progress of the patients reported on in this paper No attention 
is paid to the response of the Wassermann reaction of the blood to treat- 
ment, since Wassermann fastness is the rule 

Whether it is advisable to attempt this treatment regime or to 
limit one’s self to medical measures for the relief of symptoms only 
depends on many collateral factors, such as age, general physical con- 
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dition and presence of a complicating disease Six patients in the 
present series weie over the age of 60, and recently we have seen 
2 patients, aged 72 and 81, respectively, in whose cases the diagnosis 
of syphilitic aortic regurgitation seemed certain Here it is obviously 
undesirable to do much more than to give mercury by mouth The 
presence of severe impairment of renal function may pieclude the use 
of mercury or of bismuth in any form, and one’s sole reliance must 
be placed on bismarsen oi on neoarsphenamine 

Complicating neurosyphilis, especially tabes dorsalis or dementia 
paialytica, may call for special measures of treatment, including the 
use of tryparsamide, which fortunately seems to exercise no deleterious 
effect on the cardiovasculai lesion, of intraspinal therapy (usually with 
heterologous serum) for the relief of optic atrophy or intractable light- 
ning pains or, in despeiate situations, of fever therapy Wile®“ advo- 
cated trypaisamide instead of any of the arsphenamines m selected 
cases of cardiovascular syphilis, whether or not a complicating neuro- 
syphihs IS present He expressed the belief that it may exercise a 
direct beneficial effect on the cardiovascular lesion As we shall sub- 
sequently indicate, we disagree with this point of view, and think that 
this drug is of little or no value in any type of syphilis except that in 
which there is involvement of the central nervous system Each 
patient presents a problem differing from that of every other, and 
there is no field of syphilotherapy in which the art of medicine needs 
to be exercised so much as m cardiovascular syphilis 

With this general statement of principles of treatment, we proceed 
to a consideration of the results obtained m the 165 patients compris- 
ing the material of this papei Limitations of space prevent any con- 
sideration of individual cases , our results must be presented entirely 
111 statistical form Indeed, as we have emphasized, this is the only 
satisfactory method of presentation, since the course of the disease in 
any individual patient is so variable as to make conclusions untiust- 
worthy 

THE METHOD OF STUDY 

The files of the Syphilis Division include the records of a few more 
than 300 patients with aneurysm or aortic regurgitation Those patients 
who had disappeared from observation were written to and visited by 
social service workers When located, they were urged to return to 
the clinic for examination or, when this was impossible, to provide 
detailed information as to their present state of health Reports of 
death were obtained from family physicians, relatives or neighbors, 
fiom the files of the Johns Hopkins Hospital, the Municipal Hospital 

30 Wile, U J Principles Underlying the Treatment of Cardiovascular 
Syphilis, Am Heart J 6 157, 1930 
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and the five laigest of the othei hospitals in Baltimoie, and by an exami- 
nation of the death ceitificates at the Baltimoie City Health Depait- 
inent The study was completed on July 1, 1931 By that date, it 
had been possible to tiace the ultimate outcome in 165 patients, or 
inoie than half of those whose lecoids weie m the files One bun- 
dled and nine of these were dead, of the lemamdei, all weie still 
undei obseivation on July 1, 1931, except 3 These aie included in 
the series and classified as living because they weie followed for periods 
of time langmg fiom six to eleven yeais and were living and m good 
condition when last seen 

In this papei, we review and augment the data as to ultimate out- 
come in teims of “living and dead” piesented m oui piehminaiy paper 
At the same time, we have analyzed the mateiial from seveial other 
Standpoints that we hope will aid in an understanding of what tieat- 
ment actually accomplishes 

RESULTS OF TREATMENT IN PATIENTS WITH AORTIC ANEURYSM 

In table 12 are piesented the data as to the effect of treatment on the 
pi elongation of life in 53 patients with aneuisym of the aoita Nine of 
these patient also had aoitic legurgitation In all instances except one, 
the diagnosis was based on physical signs and on the piesence of a chai- 
acteristic sacculated aneurysm of the thoracic aoita at fluoioscopic and 
teleroentgenogiaphic examination The excepted instance was that of 
a patient with an easily palpable aneursym of the abdominal aoita, the 
piesence of which was confiimed by exploratory operation Symptoms, 
however, were absent in 9 patients, a fact to which subsequent refeience 
will be made 

In table 12 and those following, the patients are divided into four 
gioups on the basis of the amount of treatment received Gioup 1 
includes those patients who leceived little tieatment oi none “Little 
treatment” means a few weeks of tieatment with mercury (by inunction 
or by mouth), an injection oi two of an aisphenamme pioduct oi a 
few injections (less than eight) of bismuth Group 2 includes patients 
who received the equivalent of one course of an arsenical drug (fiom 
SIX to eight injections) oi one long course (from twelve to sixteen 
injections) of a heavy metal, either bismuth or meicury This amount 
of treatment was usually given over a peiiod of from one and one half 
to four months In gioup 3 are patients who received the equivalent 
of one long course each of an aisenical diug and of a heavy metal, 
occupying fiom four to twelve months’ time Group 4 includes all 
patients treated foi more than one year This involved a minimum 
of two long couises each of an aisphenamme pioduct and of a heavy 
metal or four long couises of a hea \7 metal alone Many patients in 
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this gioup, however, had been more oi less continuously treated for 
several yeais, and had leceived from eight to ten courses each of an 
arsenical drug and of bismuth or mercuiy 

It IS important to note that although the 165 patients studied differed 
m the amount of antisyphihtic treatment received, they were all treated 
when necessary b}'- the usual medical regime of rest, diet, digitalis, 
restriction of activity, etc In this respect, the patients of our treat- 
ment group 1 weie as well managed as those in group 4 The only 
essential difference in the treatment received by the patients m these 
four gioups was in the amount of specific tieatment for syphilis It is 
perfectly fair, therefore, to attribute any difference observed m course 
or ultimate outcome to this factor, and to no other 


Table 12 — Effect of Tieatment on Pi olongation of Life in Patients imth Aneiaysm 

of the Aoita 


Average Duration of Life 
Number Until Death or Last Obser 

of vation. Dating from 

^ I . 1 1 I I > 


Treatment Group 

Patients 

in 

Group 

Number 

Living 

Number 

Dead 

/ ^ 

Onset of 
Symptoms 

Start of 
Treatment 

Group 1 Patients with no treat 
ment or very little 

22 

2 

20 

19 mo 

14 mo 

Group 2 Patients with equivalent 
of one course of an arsenical drug 
or one long course of a heavy 
metal (from 1% to 4 months) 

10 

O 

S 

51 mo 

45 mo 

Group 3 Patients with equivalent 
of one long course each of an 
arsenical drug and of a heavy 
metal (from 4 to 12 months) 

6 

3 

3 

67 mo 

43 mo 

Group 4 Patients treated for 
more than 1 year two courses of 
an arsenical drug and two of a 
heavy metal, or four of a heavy 
metal 

15 

9 

(i 

75 mo 

63 mo 


The duration of life is measuied as dating (a) from the onset of 
symptoms and (b) from the stait of treatment, until death or the date 
of the last observation This distinction is drawn in order to point out, 
as will be shown latei m another way, that the patients with an unfavor- 
able outcome are not necessarily those who had been ill foi the longest 
time before staitmg treatment 

The data given m table 12 need no detailed explanation Of 22 
patients who leceived little or no treatment, 2 are now living and 20 
are dead, a mortality of 90 per cent The average interval of time until 
death, dating from the onset of symptoms, was only 16 instead of 19 
months The discrepancy between this statement and the table is due 
to the fact that the two living patients have now lived for 52 and 66 
months, respectively, after the onset of symptoms Had these two 
patients been treated, one would have been inclined to attribute their 
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appaient longevity to the eftects of tieatment, this emphasizes oui 
fiequently repeated statement that one can draw no tiustwoithy con- 
clusions fiom the behavior of the individual case In the 20 dead 
patients in group 1, the duration of life from the onset of symptoms 
langed between the exti ernes of 3 and 43 months Thu teen of them 
died within one year Lucke and Rea quote several authorities who 
believed that the duration of life aftei the clinical recognition of 
aneuiysm vanes between 12 and 30 months (no distinction being made 
between treated and untieated patients) 

Conti ast this gloomy pictuie with that of the 15 patients who were 
tieated for more than a 3 ''ear (group 4) Of these, 9 are living and 6 
are dead, a mortality of 40 per cent The average duration of life has 

Table 13 — Effect of Tieatment on Piolongation of Life in Patients zvith Aoitic 

Regui gitation 


Number 

of 

Patients 


in 

Treatment Group Group 

Group 1 Patients with no treat 
ment or very little 57 

Group 2 Patients with equivalent 
of one course of an arsenical drug 
or one long course of a heavy 
metal (from Viii to 4 months) 10 

Group 3 Patients with equivalent 
of one long course each of an 
arsenical drug and of a heavy 
metal (from 4 to 12 months) 14 

Group 4 Patients treated for 
more than 1 year two courses of 
an arsenical drug and two of a 
heavy metal, or four of a heavy 
metal 25 




Average Duration of Life 
Until Death or Last Obser 
vation. Dating from 

A 

Number 

Living 

Number 

Dead 

1 

Onset of 
Symptoms 

Start of 
Treatment 

5 

52 

SO mo 

23 mo 

4 

12 

23 mo 

15 mo 

10 

4 

40 mo 

37 mo 

21 

4 

C4 mo 

53 mo 


iisen from 19 to 75 months from the onset of symptoms The 9 sui- 
vivmg patients have lived for an aveiage of 88 months the lemammg 
6 died at an average of 48 months after the appearance of symptoms 
The actual durations of life in the living patients aie (to July 1, 1931) 
18, 46, 52, 68, 72, 98, 132, 144 and 156 months, respectively, in the 
dead patients, 12, 23, 48, 72, 87 and 97 months, respective!}'- 

The figures for patients in treatment groups 2 and 3 indicate that 
even a little treatment aids in the piolongation of life If one adds 
them togethei as an intermediate group between the untieated or piac- 
tically untieated patients of group 1 and the well treated patients of 
group 4, the figures are as follows of 16 patients, 5 are still living 
^ead, a mortality of 68 per cent The average duration of 


31 Lucke, B , and Rea, M H Studies on Aneurj'sm 
Data, J A M A 77 935 (Sept 17) 1921 

t 


I General Statistical 
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life, dating fiom the onset of symptoms, is, in the 5 living patients, 
72 months, in the 11 dead patients, 44 months 

EFFECT or TREATMENT ON PROLONGATION OF LIFE IN PATIENTS 
WITH AORTIC REGURGITATION 

An identical piesentation of data for 112 patients with aoitic 
legmgitation appears m table 13 Again contrast the untieated patients 
of gioup 1 with the well treated patients of group 4 Of the 57 patients 
111 group 1, 5 are living and 52 are dead, a mortality of 91 pei cent 
The aveiage duration of life foi the whole group, dating from the 
onset of symptoms, was 30 months For the 52 dead patients, death 
followed the appeal ance of symptoms m an aveiage of 27 months 
Foul teen died within the fiist year, 15 in the second year, 7 in the 
thud, 5 in the fourth and 7 in the fifth Three lived for more than 5 
years after symptoms first developed The extremes of duration of life 
were 1 month and 78 months, respectively In the 5 patients in this 
group still alive, the duration of life from the onset of symptoms 
until the piesent has been 36, 54, 66, 72 and 134 months, respectively, an 
aveiage of 72 months Here again yawns the pitfall of mismteipie- 
tation of the value of therapy on the basis of individual instances These 
5 patients, all untreated, have lived fairly comfortably for a time far 
gi eater than the average 

Now compaie these data and the mortality of 91 per cent with 
the corresponding data and mortality of group 4 Of these 25 well 
tieated patients, 21 aie still living and 4 are dead The moitality is 
16 pei cent The 4 dead patients died in an average of 28 months 
aftei symptoms appeared The 21 living patients have lived for an 
aierage period of 71 months (exti ernes, 24 and 159 months) The 
living patients have so far lived no longer, on the average, than those 
still living in gioup I, but there are far moie of them (84 per cent 
as compared with 9 per cent of the respective groups) 

The duration of life m untreated patients with aortic leguigitation 
IS longer than m those with aneurysm of the aorta — ^27 as compared 
with 16 months, and the aveiage prolongation of life obtainable in 
well treated patients with the former condition is distinctly less It is 
also worth noting, though the number of cases of both types is too 
small for one to be sure, that apparently a little antisyphilitic tieatment 
has a distinctly harmful eftect on patients with aortic regurgitation, as 
compared with its apparently beneficial effect on those with aneurysm , 
in this series, m the patients with aortic insufficiency in group 2 the 
average duration of life was actually less than that m the group in 
vhich no treatment was gi\en This is probably a reflection of the 
relationship of congestive heart failure to the ultimate outcome, a point 
piesently discussed in detail 
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mined only from a knowledge of the total number of cases m each 
treatment gioup, from ■\^hlch the reported mateiial was diawn When 
this was investigated, it vas found, for example, that theie weie 128 
patients with cardiovascular syphilis in tieatment group 1, of whom 
we had been able to ti ace onl}'' 79 until death or the present time , while 
of a total of 45 cases m treatment gioup 4, we had succeeded m trac- 
ing 40 To paraphrase Usilton’s comment, “If one considers that the 
end -1 esult is known m 89 per cent of gioup 4 and m only 61 pei cent 
of group 1, the probabilities aie that adequate treatment prolongs the 
life of the individual Avith cardiovascular syphilis Fuither, the pio- 


Table 15 — Effect of Tieatment on Pi olongatton of Life in Patients zvifh Caidio- 
vasculat Syphilis, Computed on Living and Dead Patients Sepaiately 


Number 

of 

Patients 

m 

Treatment Group Group 


Average Duration of Life 
to Last Observation, 
Dating from 


Average Duration of 
Life to Death, 
Dating from 

Num 

her 

Living 

Onset of 
Symp 
toms 

Start of 
Treat 
ment 

Num 

ber 

Dead 

Onset of 
Symp 
toms 

Start of 
Treat 
ment 

Group 1 Patients with 
no treatment or very 
little 

79 

7 

63 mo 

67 mo 

72 

23 mo 

10 mo 

Group 2 Patients with 
equivalent of one course 
of an arsenical drug 
or one long course of 
a heavy metal (from 

1% to 4 months) 

26 

6 

62 mo 

52 mo 

20 

25 mo 

19 mo 

Group 3 Patients with 
equivalent of one long 
course each of an 
arsenical drug and of 
a heavy metal (from 

4 to 12 months) 

20 

13 

45 mo 

30 mo 

7 

49 mo 

44 mo 

Group 4 Patients treated 
for more than 1 year 
two courses of an arseni , 
cal drug and two of a 
heavy metal, or four of 
a heavy metal 

40 

30 

76 mo 

66 mo 

10 

45 mo 

30 mo 


longation of life is placed at a minimum in the 68 months shown 
for group 4, because the teimination of life has not yet occurred in 
30 of the 40 persons in this group, whereas only 7 of 79 patients are 
still living m gioup 1, and yet the aveiage life period from the onset 
of symptoms is 27 months ” In other words, the avei age dui ation of 
life for patients m group 1 cannot be greatly affected no matter how 
long the surviving 7 patients may live, while the longer the surviving 
30 patients of group 4 continue to live, the greater the increase of the 
aveiage duration of life m this group There can be no doubt, we 
believe, that our data are statistically significant 

An attempt to solve this difficulty in another way is shown in 
table 15 Here we show the duration of life for living and for dead 
patients separately With the duration of life measured from the onset 
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of symptoms, it appeals that in the living patients theie is little oi no 
significant inciease in the duiation of life corresponding to whether 
the patients weie untreated or well treated The probable explanation 
for this IS that the peiiod of time covered by the study is roughly the 
past ten years, and that not enough time has elapsed to bring out a 
difference even in the two extreme groups So fai as living patients 
aie concerned, we must at present stand on the fact that the percentage 
piobabihty of suivival for the period of obseivation is in direct propor- 
tion to the amount of treatment given, i e , for group 1, 8 per cent , 
group 2, 23 per cent, group 3, 65 per cent, group 4, 75 per cent 

If one turns to the patients now dead, however, it seems fairly 
definite that, even though the outcome was death, the duration of life 
was approximately doubled by good treatment as compared with little 
or none 

RELATIONSHIP OF DURATION OF SYMPTOMS AND OF CONGESTIVE 
HEART FAILURE TO THE OUTCOME OF TREATMENT 
IN CARDIOVASCULAR SYPHILIS 

An obvious objection that may be leveled at the conclusions that we 
have so far drawn is that the material in the various treatment groups is 
not comparable, that the more seriously ill patients are those who died, 
and that the survivals repiesent patients with less serious or less rapidly 
progressive lesions We have attempted to view our material critically 
from this standpoint Since we avoid placing undue emphasis on the 
individual case, we have taken as our criteria of relative seriousness, 
fiist, the aveiage duration of symptoms in the various treatment 
gioups, second, the number of patients who were symptom-fiee before 
tieatment was begun, and third, the number who had and the number 
who did not have congestive heart failure before or after treatment 
These data appear in table 16 Patients with aneurysm and those with 
aortic regurgitation aie grouped as patients with cardiovascular syphilis 
in this and most of the subsequent tables, since theie are no significant 
differences between the twm groups 

The term "duration of symptoms'’ refers heie, as elsewhere in this 
paper, to the length of time during which the patient has suffered fiom 
one or more of the commonly accepted symptoms of cardiovascular 
syphilis It will be noted that theie are no important differences in the 
various tieatment groups Certainly, it is not true that the well tieated 
patients, with only 25 per cent dead, had had symptoms for a much 
shorter period of time than the untreated group, with 89 per cent dead 
Indeed, the leverse appears to^be the case 

It might a pi 101 1 be supposed that patients who had never had any 
symptoms, the existence of the lesion being accidentally discoveied at 
routine examination, were particulaily suitable subjects for treatment 
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That this IS usually, but not alwa3S, tiue is indicated by the fact that 
11 of 20 such patients are living, Avhile 9 aie dead One of these died 
of sarcoma, another of miliary tubei culosis, and the remaining 7 of 
cardiovascular syphilis Among the 11 suivivmg patients oiiginally 
sy^mptom-free, 7 are still peifectly well and woiking, no symptoms hav- 
ing developed In the remaining 4, symptoms have appeared in spite 
of treatment, 2 of these aie, however, still able to do light woik, and 
2 aie incapacitated by the progress of then disease 


Table 16 — Relationship of Duiation of Symptoms and of Cardiac Failnie to 
Outcome of Tieatmcnt tn Patients with Cai diovasculai Svphilis 





Number Number 1\ ho 

Number 

No on Vhom 




of 

Did Not Have 

Who Had 

No Data Was 



Average 

Patients 

1 Cardiac 

Cardiac 

Obtained as to 


Total 

Duration 

Symp 

Failure 

Pailure 

Cardiac Failure 


Xum 

of 

tomless 








/ ' 


t 

Before 


Before 



her 

Symptoms Before Before 

After 

After 

4.fter 


of Pa 

Before 

Treat 

Treat 

Treat 

Treat 

Treat 

Treat 

Treat 

Treatment Uroup 

tients 

Treatment 

ment 

ment 

ment 

ment 

ment 

ment 

ment 

Group 1 Patients with no 
treatment or very little 










Living 

7 

2 mo 


6 

0 

1 

2 


3 

Dead 

72 

9 mo 

5 

30 

10 

41 

29 

1 

33 

Group 2 Patients with 
equivalent of one course 










of an arsenical drug or 
one long course of a 
heavy metal (from 










IV 2 to 4 months) 










Living 

0 

14 mo 

2 

6 

2 


4 



Dead 

20 

7 mo 

2 

10 

3 

9 

12 

1 

3 

Group 2 Patients with 
equivalent of one long 
course each of an 










arsenical drug and of 










a heaa y metal (from 

4 to 12 months) 









2 

Living 

13 

13 mo 

3 

9 

6 

4 

3 


Dead 

7 

6 mo 

1 

5 

3 

2 

2 



Group 4 Patients treated 
for more than 1 year 
two courses of an arseni 
cal drug and two of a 
heavy metal, or four 
of a heavy metal 










Living 

30 

12 mo 

6 

23 

22 

7 

5 


S 

Dead 

10 

17 mo 

1 

7 

5 

3 

5 



Total living 

56 


11 

44 

32 

12 

16 

0 

s 

Total dead 

109 


9 

52 

21 

55 

4S 

^0 


The occuirence of congestive heart failure befoie the institution of 
treatment is of unfavorable prognostic impoit In this series, it was 
less a feature in patients with aneurysm, only 27 per cent of whom suf- 
feied from decompensation oi had previously suffered from congestive 
failuie at the time of admission, than in those with aortic regurgitation, 
46 per cent of whom weie or had been so affected Taking the gioup 
as a whole, 21 per cent of those still living had had heart failure befoie 
treatment, while it had occurred in 51 per cent of those now dead Of 
67 patients who had, or had had cardiac failure when treatment was 
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stalled, 12 aie now In mg and 55 aie dead, a mortality of 81 per cent 
The average duration of life for the 12 survivors is 54 months , f oi the 
55 who died, 24 months Of the 96 who had not lost compensation 
befoie treatment, the coi responding figures are living 44, average dura- 
tion of life 69 months, dead 52, average duiation of life 30 months, 
mortality 56 per cent It appeals, therefore, that the appearance of 
cardiac failure before treatment is started shoitens life, on the average, 
by from 6 to 15 months These data are shown m more detail for the 
lanoLis tieatment groups in table 17 That congestive failuie is not 

Table 17 — Relationship oj Congestive Heait Failuie to Outcome of Treatment 
in Patients zvitfi Cai diovasculai Syphilis 


Total 

Number 

of 

Patients 
in Sub 


Treatment Group group 

Group 1 Patients with no treatment or 
very little 

Subgroup A* 41 

Subgroup Bt 36 

Group 2 Patients with equivalent of 
one course of an arsenical drug or one 
long course of a heavy metal (from 
m to 4 months) 

Subgroup A 9 

Subgroup B 16 


Group 3 Patients with oqui\ alent of 
one long course each of an arsenical drug 
and of a heavy metal (from 4 to 
12 months) 

Subgroup A 7 

Subgroup B 14 

Group 4 Patients treated for more than 
1 sear tvo courses of an arsenical drug 
and tuo of a heary metal, or four of 
a heavy metal 

Subgroup A g 

Subgroup B 30 


Number 

Average 
Duration of 

Number 

Average 
Duration of 

of 

Symptoms, 

of 

Symptoms, 

Patients 

Onset to 

Patients 

Onset to 

Living 

Present 

Dead 

Death 

1 

66 mo 

40 

23 mo 

6 

63 mo 

30 

26 mo 


6 

00 mo 

9 

10 

17 mo 
31 mo 

■5 

53 mo 

2 

27 mo 

9 

40 mo 

5 

57 mo 

6 

52 mo 

3 

03 mo 

>3 

Si mo 

7 

31 mo 


* Patients fn whom congestive heart failure was present before treatment 
■f Patients in whom congestive heart failure was not present before treatment 

necessarily a hairier to a successful outcome of treatment is indicated 
by the fact that 12 of the surviving patients, 11 of whom weie subse- 
quently treated, had had decompensation before treatment was begun 
In several of these patients, heart failure was extreme and recoveiy of 
compensation despaired of 

IVe attach less importance to the occuiience of attacks of congestive 
heart failure during oi aftei treatment, though this was observed in only 
33 per cent of those still living as contrasted with 69 per cent of those 
now dead (percentages calculated on total number of cases in which 
information was available) To some extent, at least, congestive heart 
failure occurring before tieatment is started predisposes to subsequent 
similar attacks, as may be seen from the data of table 18 Heie mfor- 
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matioii IS piovided as to the occurience of cardiac failure during or 
after treatment in 46 patients who had expeiienced cardiac failure befoie 
treatment and m 70 who had not The incidence of cardiac failuie after 
treatment is 82 per cent in the formei and only 40 per cent in the lattei^ 
group It is also apparent, howe\ei, that while congestive heart faihne 
occuiimg during oi aftei treatment is a serious complication, it need 


Table 18 — Relatwiiship of Congestive Heait Fatlnie Befoie Tieatmcnt to Heait 
Fatliiie Occuiimg Dm mg oi Aftci Tieatmcnt 





Number 


Number 


Number 


Number 




Who 


on 


Who 


on 




Had 


Whom 


Had 


Whom 


Total 


Cardiac Num 

No 


Cardiac Num 

No 


Number 


Failure 

ber 

Data 


Failure 

ber 

Data 


of Pa 


During 

Who 

as to 


During 

Who 

as to 


tients 


or 

Did 

This 


or 

Did 

This 


m 

Num 

After 

Not 

Was 

Num 

After 

Not 

Was 


Sub 

ber 

Treat 

Have 

Ob 

ber 

Treat 

Have 

Ob 

Treatment Group 

group 

Living 

ment 

It 

tamed 

Dead 

ment 

It 

tamed 

Group 1 Patients with no 
treatment or very little 










Subgroup A* 

41 

1 



1 

40 

22 

3 

15 

Subgroup Bf 

3b 

6 

2 

2 

2 

30 

9 

7 

14 

Group 2 Patients with 
equivalent of one course 
of an arsenical drug or 
one long course of a 
heavy metal (from 
m to 4 months) 










Subgroup A 

9 





9 

6 


O 

Subgroup B 

16 

6 

4 

2 


10 

5 

3 

2 

Group 3 Patients with 
equivalent of one long 
course each of an 










arsenical drug and of 
a heavy metal (from 

4 to 12 months) 










Subgroup A 

7 

5 

5 



2 

2 



Subgroup B 

14 

9 

1 

6 

2 

5 

1 

1 

3 

Group 4 Patients treated 
for more than 1 year 
two courses of an arseni 










cal drug and two of a 
heavy metal, or four 
of a heavy metal 










Subgroup A 

9 

6 

1 

4 

1 

3 

2 

1 


Subgroup B 

30 

23 

4 

17 

2 

7 

2 

4 

1 

Total 










Subgroup A 

66 

12 

6 

4 

2 

54 

32 

4 

IS 

Subgroup B 

96 

44 

11 

27 

6 

52 

17 

15 

20 


* Patients m whom congestive heart failure was present before treatment 
t Patients m -nhom congestive heart failure was not present before treatment 


not prove to be more of a hindrance to a successful outcome than cardiac 
failure befoie treatment Seventeen patients still living have had one or 
more attacks of heart failure since treatment was started, and six of 
these also had decompensation before any treatment was given 

In many instances, especially among Negro males, repeated attacks 
of cardiac failure occurred after treatment had started because of eco- 
nomic exigencies beyond our control or that of the patient While we 
have made everj'^ effort to assist patients in obtaining light work, we 
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have not always been able to do so The necessity of earning a bare 
living led many patients to return to formei jobs even if they involved 
heavy physical labor The cardiac reseive, estimated to be adequate 
to maintain the circulation dm mg deci eased activity, was unequal to the 
strain of stevedoimg, hod-cairymg, etc Were we able to apply the 
ideal of lestiicted activity to all cases, the incidence of failure following 
the institution of treatment would be much lowei Indeed, considering 
the fact that oui patients were drawn almost entiiely fiom the laboring 
class, that the majority were Negioes, who aie notoriously uncooperative 

Table 19 — Piesent Status oj Living Patients Ticated foi Anemysm and Aoitic 

Rcgni gitation 


Number of These of Status Indicated 




Number 


Have 

Have 



of 


Persistent 

Persistent 



Patients 

Have No 

Symptoms 

Symptoms 


Cardio 

m Group 

Symptoms 

but Are 

and Are 


vascular 

Who Are 

and Are 

Able to 

Incapaci 

Treatment Group 

Condition 

Living 

Worling 

Work 

tated 

Group 1 Patients 
■svith no treatment 

Aneurysm 

2 


1 

1 

or very little 

Aortic regurgitation 

5 

3 

2 


Group 2 Patients v ith 
equivalent of one course 

Aneurysm 

2 



2 

of an arsenical drug 
or one long course of 

Aortic regurgitation 

4 

1 

2 

1 

a heavy metal (from 

11/2 to 4 months) 






Group 3 Patients vith 
equivalent of one long 

Aneurysm 

3 

2 

1 


course each of an 

Aortic regurgitation 

10 

2 

5 

3 

arsenical drug and of 
a heavy metal (from 

4 to 12 months) 







Group 4 Patients 
treated for more than 

Aneurysm 

9 

3 

c 


1 year two courses of 
an arsenical drug and 

Aortic regurgitation 

21 

10 

9 

2 

two of a heavy metal, or 





lour of a heavy metal 






Total 


56 

21 

2G 

9 


patients, and that treatment was carried out under the lelatively inade- 
quate conditions of an outpatient ambulant clinic, we feel that oui results 
represent the minimum of benefit obtainable, rather than the possible 
maximum 

PRESENT STATUS OF LIVING PATIENTS WITH CARDIOVASCULAR 

SYPHILIS 

Mere prolongation of life past the usual period of time would be of 
relatively small value to the patient if he remained completely incapaci- 
tated It IS therefore important to deteimine to what extent surviving 
patients are comfortable, fiee from incapacitating symptoms and able 
to work Figures bearing on these points are presented in table 19 If 
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the gioup IS taken as a ^\hole it will be seen that 21 of the 56 suivivors 
are s 3 anptom-fiee and able to work “Symptom-free,” in these patients 
means almost exactly what it says In most instances, of course, violent 
physical exeicise lesults m a moderate amount of exeitional dyspnea, 
but aside from this these patients are able to perform the ordinary tasks 
of their daily life without dyspnea, exertional or paroxysmal, and with- 
out pain or discomfort Some of them, despite advice to the contraiy, 
are still working at jobs involving heavy physical labor Seven of these 
21 patients are those who were symptom-free before treatment was 
started The remaining 14, however, all had definite, sometimes 
incapacitating, symptoms before treatment Included among the symp- 
tom-free group are 5 patients with aneurysm and 16 with aoitic 
regurgitation 

Twenty-six patients, 9 with aneurysm and 17 with aortic regurgita- 
tion, are able to work regularly at some occupation involving little or no 
physical effort, such as preaching, boot-legging, etc , even though some 
symptoms persist Most of these persons are distinctly better than 
before treatment was started, and the persisting symptoms are often 
ver}'- mild It is important to note that 13 of the 21 symptom-free 
patients and 15 of the 26 who are able to work in spite of some lemam- 
ing symptoms have been well treated (group 4) according to the scheme 
outlined in this paper 

Only 9 of the 56 surviving patients (3 with aneurysm and 6 \\'ith 
aortic insufficiency) are incapacitated and unable to do any woik 

SYMPTOMATIC RELIEF FOLLOWING TREATMENT IN CARDIOVASCULAR 

SYPHILIS 

Any one who has treated large numbers of patients with cardiovas- 
culai syphilis is struck by the prompt symptomatic relief that follows the 
improvement m the cardiac embarrassment and the institution of anti- 
syphihtic treatment It may be in part due, as Wile insisted, to the 
general sense of well being that pervades any patient with late syphilis 
shortly after the institution of treatment, even though he may not have 
been feeling ill before There is more than this, however, relief extends 
also to symptoms diiectly due to the cardiovascular lesion, especially 
paroxysmal and exertional dyspnea and pain It is often so complete 
after a short time that the ignorant patient regards himself as cured, 
abandons further tieatment and fails to leturn until the reappeaiance 
of distressing symptoms or a sudden cardiac break, occurring weeks or 
months later, forces him to seek relief anew Without attempting the 
analysis of individual symptoms, details of which may be found in the 
papei by Hines and Carr,®^ we present the gioss data as to symptomatic 

34 Hines and Carr (footnote 28, fourth reference) 
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lelief m table 20 We have excluded from consideration all patients 
who were symptom-free befoie treatment started, all those who leceived 
no treatment and those on whom adequate information was lacking 
Included m treatment group 1 are patients who received, for example, 
as little treatment as one or two doses of arsphenamme, three or four 
injections of bismuth, or inunctions with meicury for a month or less 
Even this infinitesimal amount of treatment brought about great symp- 
tomatic improvement in 3 of 11 patients with aneuiysm and 6 of 20 
with aoitic regurgitation It may easily be objected, and is peihaps 
tiue, that in these cases the relief was due not so much to antisyphihtic 

Table 20 — Symptomatic Relief fiom Antisyphihtic Treatment in Cai diovasculai 

Syphilis 


Patients with Patients with Aortic 

Aneurysm* PegurBitation* 

* ^ 


r 

Treatment Group 

Total 

Xumber 

Number 

Who 

Obtained 

Sympto 

matic 

Relief 

Number 

Who 

Obtained 

No 

Relief 

Total 

Number 

Number 

Who 

Obtained 

Sympto 

matic 

Relief 

Number 

Who 

Obtained 

No 

Relief 

Group 1 Patients with no 
treatment or very little 

11 

/> 

8 

20 

T 

20 

Group 2 Patients with equiv 
alent of one course of an 
arsenical drug or one long 
course of a heavy metal (from 
1% to 4 months) 

7 

i 

3 

13 

2 

11 

Group 3 Patients with equiv- 
alent of one long course each 
of an arsenical drug and of a 
heavy metal (from 4 to 12 
months) 

5 

4 

1 

12 

10 

2 

Group 4 Patients treated 
for more than 1 year two 
eourses of an arsenical drug 
and two of a heavy metal, or 
four of a heavy metal 

11 

10 

1 

20 

19 

1 

Total 

34 

21 

13 

71 

37 

33 


* Excluding all who were not treated, those who were sjmptoinless before treatment, and 
those in whom reliable data are lacking 


treatment as to the adjuvant medical measuies of rest, digitalization, 
etc It will be seen, however, that the piobabihty of symptomatic lelief 
IS in diiect piopoition to the amount of treatment given Of adequately 
treated patients (gioup 4), all except 1 of 11 patients with aneuiysm 
and 1 of 20 with aortic regurgitation were maikedly improved by tieat- 
ment While improvement is often dramatically piompt, as we haie 
noted, it IS sometimes discouragingly slow, and peisistence and encour- 
agement over a period of many months may be necessaiy In some 
patients, discontinuance of antisyphihtic treatment is followed by a 
piompt lecrudescence of symptoms, as illustrated by a patient with 
abdominal aneurysm who was free from pain as long as he was under 
tieatment, but whose pain recurred after each lapse of a few weeks 
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These data, as well as those given in table 19 as to the present status 
of living patients, constitute as forceful an argument for the adequate 
antisyphihtic treatment of cardiovascular syphilis as do the figui es given 
foi prolongation of life 

ALTERATION OF PHYSICAL SIGNS BY TREATMENT 

Stokes and Brooks,®^ among other writers, emphasized not only 
symptomatic improvement resulting from treatment, but also improve- 
ment or altei ation in physical signs In apparently uncomplicated aorti- 
tis, for example, the institution of treatment may be shortly followed 
by the appearance of a diastolic murmui, not previously heard, an 
aneuiysmal sac may pulsate more widely after than befoie treatment, 
owing to the resolution of the inflammatory tissue in syphilitic mediasti- 
nitis 01 peri-aortitis , a faint diastolic murmur may become much louder 
This paradoxical increase in physical signs is not so bad as it seems 
As Stokes put it, “The patient has exchanged a progressive disability 
for an arrested and static one ” These phenomena are sometimes of 
gieat value as a theiapeutic test m suspected but Wassermann-negative 
cai diovasculai syphilis On the other hand, cardiac murmui s may com- 
pletel}'^ disappear, aoitic widening as measured by teleroentgenography 
may decrease, and raiely a definite sacculation of the aoita may vanish 
Stokes lepoited one such “disappearing aneurysm,” and we have seen 
anothei, which will be separately leported We have made no attempt 
at tabulation of changes m physical signs during oi after treatment in 
oui mateiial, though we agiee with Stokes and Brooks that such changes 
infrequently occtii 

INFLUENCE OF TREATMENT IN CARDIOVASCUL'^R SYPHILIS ON 

ABILITY TO WORK 

The question of the utility of treatment may be appioached fiom 
still another angle, namely, ability to work before and after tieatment 
This information is gatheied m table 21 The figures speak foi them- 
selves Let us compare the percentage probability of various outcomes 
in inadequately treated (groups 1 and 2) as compared with relatively 
adequately treated (groups 3 and 4) patients Of 69 patients in groups 
1 and 2, 62 per cent weie unable to work either befoie or aftei the insti- 
tution of tieatment, 21 per cent were unable to woik before, but could 
MOik afterwaid, 8 per cent, able to work before, were unable aftei ward, 
and 6 per cent were able to woik both before and after treatment Con- 

35 Stokes (footnote 17, p 832) 

36 Stokes (footnote 17, p 886) 

37 Moore, J E , Danglade, J H , and Reisinger, J C Diagnosis of Sj philitic 
Aortitis Uncomplicated bj’^ Aortic Regurgitation or Aneurysm Comparison of 
Clinical and Necrops\ Obser\ations m One Hundred and Five Patients, Arch Int 
kfed 49 752 (May) 1932 



MOORE ET AL — CARDIOVASCULAR SYPHILIS 915 

trast this with the coi i esponding figuies for the 49 patients in groups 3 
and 4 Only 16 pei cent were unable to woik before oi after tieat- 
nient, 39 per cent weie so improved by treatment that, unable to work 
befoie, they could work afterwaid, none of those able to work before 
grew so much woise under treatment as to be unable to woik afterwaid, 
while 44 pel cent, able to woik before, were maintained in a sufficiently 
good state of health as to be able to continue afterward 


Table 21 — Influence of Ti eatinent on Abihty to Woik in Cai diovasciilai Syphilis 
(Aneuiysm and Aoitic Regui gitation) 


Treatment Group 

Number of 
Patients 
with 
Data 
Available 

Number 
Unable to 
Work 
Before or 
After 

Treatment 

Number 
Unable to 
Work 

Before, but 
Able After 
Treatment 

Number 
Able to 
Work Before, 
but Unable 
After 
Treatment 

Number 
Able to 
Work 
Before 
and After 
Treatment 

Group 1 Patients with no 
treatment or very little 

52 

37 

S 

5 

2 

Group 2 Patients with equiva 
lent of one course of an arsen 
ical drug or one long course of 
a heavy metal (from 1% to 

4 months) 

17 

G 

7 

1 

3 

Group 3 Patients with equiva 
lent of one long course each of 
an arsenical drug and of a heavy 
metal (from 4 to 12 months) 

IG 

3 

7 


6 

Group 4 Patients treated for 
more than l year two courses 
of an arsenical drug and two of 
a heavy metal, or four courses 
of a heavy metal 

on 

»o 

5 

12 


10 


Table 22 — Avciage Penod of Incapacity Aftei Vaiytng Amounts of Ticatment m 
Cai diovasculai Syphilis {Aneuiysm and Aoitic Regui gitation) 


Treatment Group 

Group 1 Patients with no treatment or very little 

Number of 
Patients 
with Data 
Available 

4C 

Number Never 
Incapacitated 
Until Pinal 
Illness or 
Last Obser 
vation 

2 

Average 
Period of 
Incapacity 

15 mo 

Group 2 Patients with equivalent of one course of 
an arsenical drug or one long course of a heavy 
metal (from 1% to 4 months) 

U 

2 

14 mo 

Group 3 Patients with equivalent of one long course 
each of an arsenical drug and of a heavy metal 
(from 4 to 12 months 

19 

C 

9 mo 

Group 4 Patients treated for more than 1 year 
two courses of an arsenical drug and two of a heavy 
metal, or four of a heavy metal 

35 

IG 

10 mo 


AVERAGE PERIOD OF INCAPACITY AFTER VARYING AMOUNTS OF 
TREATMENT IN CARDIOVASCULAR SYPHILIS 

It may seem like piling Ossa on Pehoii to adduce still fuithei evidence 
that the antisyphihtic tieatment for cardiovascular syphilis is of value 
The prevailing skepticism of many physicians makes it of the utmost 
impoitance to consider the question from all possible angles In table 
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22 , we piesent data relative to the total peiiod of incapacity of the 
patients in oui various treatment gioups Compaimg again untreated 
or inadequately treated patients (gioups 1 and 2) with those receiving 
relatively adequate treatment (groups 3 and 4), we point out that only 
6 per cent of the 61 patients of the formei, as compaied with 40 per 
cent of the 54 patients of the latter, classification, were never incapaci- 
tated until the date of the last observation or the onset of tlie final ill- 
ness This IS, of com se, a direct reflection of the incidence of congestive 
heart failuie before and after treatment, a factoi already analyzed in 
tables 16, 17 and 18 The average period of incapacity foi the patients 
of groups 1 and 2 was between fourteen and fifteen months, that for 
the patients of gi oups 3 and 4 was between nine and ten months When 


Table 23 — Cause of Death m Anein ysin 


Treatment Group 

Number 

Dead 

Number Yho Died of 
Cardiovascular Sjphilis 

t 

Death 

Probably or 

Certainly Sudden 

Gradual Death 

Number 

Who 

Died, 

Cause 

Unknown 

Number 

Who 

Died 

from 

Other 

Cause 

Group 1 Patients with no 
treatment or very little 

20 

8 

S 

3 

1 

(pulmonarj 

tuberculosis) 

Group 2 Patients with equu a 
lent of one course of an arsen 
ical drug or one long course of 
a heavy metal from (1% to 4 
months) 

S 

O 

1 

2 

2 

(1 pulmonary 
tuberculosis, 
1 chronic 
nephritis) 

Group 3 Patients with equiva 
lent of one long course each of 
an arsenical drug and of a heaa'y 
metal (from 4 to 12 months) 

3 

o 

o 




Group 4 Patients treated for 
more than 1 year tuo courses 
of an arsenical drug and tvo 
of a heavy metal, or four of 
a heavy metal 

6 

3 

1 


2 

(1 miliary 
tuberculosis, 
1 carcinoma) 

Total 

o7 

17 

10 

5 

5 


one considers that the well ti eated patients hai e been undei observation 
foi periods of time averaging fiom twice to three times as long as those 
unti eated or poorly ti eated, these figures take on added significance 


CAUSE OF DEA.TH IN TREATED PATIENTS WITH ANEURYSM AND 

AORTIC REGURGITATION 

Our information concerning the causes of death m the patients of 
this series was gatheied from personal obsenation of patients who died 
while under our supervision, from the records of other hospitals, from 
the data given on death certificates signed by outside ph)^sicians, and 
from descriptions of patients’ last illnesses supplied by relatives or by 
friends The inclusion of the last two sources of information, and the 
absence of a necropsy in most instances, introduce an unavoidable inac- 
curacy into our statements However, we present the data for what they 
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are woith in tables 23 and 24 Fifty-seven patients, of whom 17 had 
aoitic aneuiysm and 40 aoitic regurgitation, died from progiessive cai- 
diac failuie, presumably due, of course, to cardiovascular syphilis Ten 
patients with aneuiysm, or 27 per cent of those dead, and 18 with aoitic 
leguigitation, or 25 per cent of those dead, died suddenly, that is, the 
patients, pieviously in their usual state of health^ropped dead or weie 
found dead m bed Rupture of the aneurysp/was the usual cause of 
sudden death in the patients with this condition The piecise cause of 



Table 24 — Cause of Death tn Aortic Rcgui gitation 


Treatment Group 

Number 

Dead 

Number Who Died of 
Cardiovascular Syphilis 

A 

Death 

Probably or 

Certainly Sudden 

Gradual Death 

Number 

Number Who 

Who Died 

Died, from 

Cause Other 

Unknown Cause 

Group 1 Patients ivith no 
treatment or lery little 

52 

29 

13 

5 

5 

(1 chronic 
nephritis, 

1 carcinoma, 

1 acute ne 
phritis, 1 pul 
monary tuber 
culosis, 1 tu 
berculous 
meningitis) 

Group 2 Patients nith equna 
lent of one course of an arsen 
ical drug or one long course of 
a heavy metal (from V/s to 

4 months) 

12 

8 

2 

1 

1 

(pulmonary 

tuberculosis) 

Group 3 Patients irith equiva 
lent of one long course each of 
an arsenical drug and of a 
heavy metal (from 4 to 

12 months) 

4 

2 

1 


1 

(sarcoma) 

Group 4 Patients treated for 
more than 1 year ti\o courses 
of an arsenical drug and tM o 
of a heavy metal, or four of 
a heavy metal 

4 

1 

2 


1 

(lobar 

pnuemonia) 

Total 

72 

40 

IS 

6 

8 


sudden death in patients with aortic i egurgitation is not clear, m spite 
of numeious pathologic studies by Warthin,®^ Maitland"'’ and otheis. 
It IS ceitamly not always, nor apparently even often, due to sudden 
coionaiy occlusion, and it is difficult to be satisfied with Warthin’s 
explanation that it is due to cardiac insufficiency and dilatation resulting 
from diffuse inteistitial myocaiditis of slight degiee, leading eventually 
to fibiosis 


38 Warthin, A S The Role of Syphilis m the Etiology of Angina Pectoris, 
Coronary Arteriosclerosis and Thrombosis, and of Sudden Cardiac Death Am 
Heart J 6 163, 1930 

39 Martland, H S Syphilis of the Aorta and Heart, Am Heart J 6 1, 1930 
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Eleven patients weie reported by relatives oi by friends to have 
died, but the information supplied was too meager foi us to assign any 
definite cause Piesumably most of them died fiom caidiovascular 
syphilis 

Thirteen patients, 5 with aneurysm and 8 with aoitic i egurgitation 
died from illnesses unrelated to cardiovascular syphilis The causes of 
death are given in the tables Four of these patients (the two with 
aneurysm who died of caicmoma and miliary tuberculosis, respectively, 
and the two with aortic regurgitation who died of saicoma and lobar 
pneumonia, respectively, m each instance after adequate treatment for 
syphilis) were doing exceptionally well from the standpoint of caidio- 
vascular syphilis at the time of death 

USE OF ARSENICAL DRUGS IN CARDIOVASCULAR SYPHILIS 

We have lepeatedly stressed in this paper and elsewheie that one 
aim of treatment in cardiovascular s)^phihs is the absolute avoidance of 


Table 25 — Use of Aisemcal Dings m Cai dwvasculai Syphilis (Anewysm and 

Aoitic Regiii gitation) 


Type of Arsenical Drug Administered 

Number of Patients 
Receiving Drug* 

Number M bo Gave 
Serious Reactions 

Neoarsphenamine 

60 

S 

Arsphenamme 

SO 

4 

Silver arsplienamine 

14 

0 

Trjparsamide 

14 

1 

Sulpbarsphenamine 

1 

0 

Bismarsen 

1 

0 


* The total number of patients treated 'nith some arsenical product ■nas 92 the total 
number of patients receiving bismuth or mercury (and potassium iodide) vas only lO 


reactions to treatment Even such otherwise unimportant leactions as 
slight nausea and vomiting throw an undue strain on an oveibuidened 
heart which must be eliminated if possible Therapeutic shock (the 
Jarisch-Herxheimer reaction) and the therapeutic paradox are iriemedi- 
able disasters The loss of many of oui older records (piioi to 1920) 
through the inadequate system of cioss-indexing prevalent at the time 
prevents us from including heie a leport on the frequency of sudden 
death following the use of average therapeutic doses of old aisphen- 
amine We have observed at least four instances of such deaths, not 
included in this series 

AVe hai’^e thought it piofitable, however, to inquire into the \aiious 
ai senical drugs given our patients and the incidence of serious oi alarm- 
ing leactions following their use This information is summaiized in 
table 25 Twenty-three of the 165 patients m this senes leceived no 
ti eatment of any kind and are eliminated from consideration in the table 
Fifty were treated exclusively with a heavy metal (bismuth oi mercury) 
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and the iodides This is a reflection of two factors, first, that m many 
patients with preceding heart failuie and a low cardiac leserve the use 
of arsenical drugs was thought to be contraindicated , second, that many 
patients were so much impioved symptomatically after a single course 
of a heavy metal that they failed to return for further treatment 

Ninety-two patients were treated with one or more of the arsenical 
drugs listed The majority leceived neoarsphenamine in small dosage 
(from 0 1 to 0 45 Gm , larely more than 0 3 Gm ) In 3 of 60 patients 
so tieated, the use of this diug was followed by reactions severe enough 
to preclude its further employment A shower of ventiiciilar extra- 
systoles was precipitated by each injection in one patient , while, in the 
other two, each attempt at this tj^pe of treatment was followed by fevei, 
nausea and vomiting and extreme malaise lasting ovei a period of sev- 
eial days There were no instances of sudden death following the use 
of neoarsphenamine 

Thirty patients received old aisphenamine (606) in a dosage usually 
not exceeding 0 1 Gm Of these, 2 died suddenly within twenty-four 
hours following a treatment In one, death lesulted fiom cii dilatory 
collapse on the tieatment table, piobably to be ascribed to ventnculai 
fibrillation lesulting from the direct toxic action of the diug on a dam- 
aged myocardium, in one, sudden death resulted from a ruptured aneu- 
lysm about eighteen hours after the first injection of the drug, which in 
this case had not been preceded by any preparatory treatment This 
death was almost ceitainly a Jarisch-Heixheimer effect — therapeutic 
shock In another patient, circulatoiy collapse occuned on the table 
during treatment, but the patient recovered aftei forty-eight anxious 
hours The fouith serious leaction occurred in one of the patients who 
reacted badly aftei neoarsphenamine, and vas identical with the after- 
effects of that drug 

In 14 patients tieated with silver aisphenamine, 1 with sulphai sphen- 
amme and 1 with bismaisen, there were no serious leactions The 
number of patients given silver arsphenamine is too small for us to 
expiess an opinion as to its theiapeutic efficacy ^Ve have the impression 
that It may be profitable to attempt its use m small doses (from 0 05 to 
0 1 Gm ) m patients m whom mild reactions developed after the use of 
neoarsphenamine, and that it may be equally efficacious from the thera- 
peutic standpoint Sulpharsphenamme has been diopped from oui 
theiapeutic armamentarium not because of any special deleteiious effect 
in cardiovascular syphilis, but because of the geneially high incidence of 
deimatitis and blood dj^sciasias following its use We are employing 
bismarsen with inci easing f requeue)'- m cai diovasculai syphilis, but none 
of the patients tieated with it have as yet been followed long enough to 
justify their inclusion in this series 
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Tryparsamide has been emplo 3 ed in 14 patients, practically all of 
whom had complicating neurosyphihs One patient died of a ruptured 
aneurysm twenty-four hours after the fiist dose (probable therapeutic 
shock) Aside from this case, the use of tryparsamide in average 
therapeutic dosage (3 Gm ) was not attended by any deleterious after- 
effect on the cardiovascular appaiatus On the other hand, we have 
seen nothing to indicate that it has any therapeutic value in cardio- 
vascular syphilis, and believe that its use should be limited to those 
patients in whom involvement of the central nervous system is a compli- 
cating feature Even here it should not be employed until thorough 
preparatory treatment has been given 

Oui experience demonstrates, we think, that theiapeutic shock can be 
almost entiiely eliminated as an important factor in the treatment of 
patients with cardiovascular syphilis by long and thorough preparatory 
treatment with bismuth or mercuiy and the iodides, and by an appropri- 
ate small dosage of the arsphenamine employed The arsenical product 
of choice in our experience is neoarsphenamine, with bismarsen second 
and silver arsphenamine third Old arsphenamine should never be 
used in any dosage in a patient with cardiovascular syphilis (except 
uncomplicated aoititis, of which more will be said in a subsequent 
communication) 

We can offer no statistical information as to the incidence of the 
therapeutic paiadox In 66 patients, congestive heait failure developed 
aftei treatment had begun, but the factois leading to this difficulty are 
so numerous and complex as to defy fuither analysis than we have 
alieady attempted Individual cases might be cited to show that the 
therapeutic paradox is an important consideration It can be largely 
avoided, we think, only by proper attention to adequate preparatory 
treatment, a correct estimate of the caidiac reserve, clinical acumen in 
selecting the proper time, drug and dosage for arsenical treatment, and 
the intelligent use of digitalis, rest and lestriction of activity 

EFFECT OF ANTISYPHILITIC TREATMENT ON THE WASSERMANN 
REACTION OF THE BLOOD IN CARDIOVASCULAR SYPHILIS 

The least important effect of treatment in cardiovascular syphilis is 
that on the Wassermann reaction of the blood As has been repeatedly 
pointed out, patients with this type of S3phihtic lesion are prone to have 
a persistentl 3 '^ positive Wassermann reaction of the blood in spite of 
treatment Information on this point is summarized in table 26 The 
important point is that 57 per cent of the 33 patients in treatment 
group 4 had a fixed positive Wassermann reaction aftei a great 
deal of treatment We feel that, foi all piactical purposes, the lesponse 
of this reaction of the blood to treatment may be completely disregarded 
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m caicliovasculai syphilis It is most unwise to base the discontinuance 
of treatment on the condition of obtaining a negative Wassermann 
reaction This may never be accomplished, on the one hand, and on the 
other, if treatment is stopped when the reaction becomes negative or 
remains so for any arbitrary period of time, the patient may be depiived 
of the treatment which he needs to keep his lesion quiescent Clinical 
and pathologic progression may and often does occur in the presence of 
a negative Wassermann reaction of the blood It is important to 
reassure the patient of the relative lack of significance of a persistently 
positive reaction, since otherwise he ma}'- become discouraged by what 
seems to him the apparent inefficacy of the tieatment 

The aim of treatment m cardiovascular syphilis is to maintain the 
patient in relatively good health over as long a period of time as possible 
Radical cure of the syphilitic infection is of course out of the question 

Table 26 — Effect of Anfisyphlific Tieatment on the Wasseimann Reaction of the 
Blood in Patients with Cai dtovascular Syphilis fAneinysin and 
Aoitic Regiii giiation) 


Number the Wassermann 
Reaction of Whose Blood 

K I 


Treatment Group 

Total 
Number of 
Patients 

f 

Remained 

Positive 

K 

Was 

Reduced 

Was 

Rev ersed 

Group 2 Patients with equivalent of one 
course of an arsenical drug or one long 
course of a heavy metal (from 

1% to 4 months) 

19 

12 

2 

5 

Group 3 Patients vith equivalent of one 
long course each of an arsenical drug and 
of a heavy metal (from 4 to 12 months) 

19 

15 

1 

3 

Group 4 Patients treated for more than 

1 year trvo courses of an arsenical drug 
and two of a heavy metal, or four of a 
heavy metal 

n 

>> 

19 


u 


SUMMARY AND CONCLUSIONS 

1 We present a geneial consideration of the subject of the tieat- 
ment of cardiovascular syphilis, based on 53 patients nith aortic 
aneurysm and 112 with aortic legurgitation At the same time our 
mateiial permits some conclusions bearing on important questions of the 
incidence of cardiovascular syphilis 

2 An earlier study of the outcome of treatment in early syphilis in 
our clinic revealed that cardiovascular syphilis developed among these 
treated patients in inveise ratio to the amount of treatment given eaily 
in the infection Not one of 117 patients with early syphilis who 
received three or more courses of arsphenamine, and treatment wnth 
mercuiy during periods betiveen the courses, presented any evidence of 
caidiovascular involvement during the period of observation, while 24 of 
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285 patients who had recened less than this amount of treatment weie 
obsened to acquiie syphilitic aoititis, aneurysm or aortic regurgitation 
Adequate treatment for early syphilis almost certainly protects the 
majoiity of patients so treated against subsequent cardiovascular syphilis 

3 Of 6,420 patients from our own clinic with various forms of late 
syphilis, 10 per cent had cardiovascular syphilis Of the total number, 
2 7 per cent had aortic regurgitation and 1 2 per cent aortic aneurysm 
These were the clinical diagnoses on admission to the hospital 

4 Cardiovascular syphilis is twice as common m males as in females 
and about twice as common in Negro as m white patients 

5 Pathologic studies carried out by various investigators indicate 
that from 70 to 90 per cent of all patients with late syphilis show 
postmortem evidence of syphilis of the aorta 

6 The majority of cases of aneurysm and aoitic regurgitation occur 
m the fifth decade of life White patients appear to be affected later m 
life than Negroes, and males later than females 

7 About one half of all patients with cardiovascular syphilis can 
give no history of infection with sj'^phihs Symptomless infection must 
be a fairly frequent occurrence The average inteival of time between 
infection and the development of cardiovascular symptoms is about 
twenty years 

8 In 20 of our 165 patients, the aneurysm or the aortic regurgitation 
had caused no symptoms, and was accidentally discovered during routine 
physical examination The onset of symptoms was usually abrupt, but 
sometimes was slow and insidious 

9 All except 13 of the 165 patients m this series had been subjected 
to the strain of hard physical labor 

10 The most frequent association with other lesions of syphilis 
was that with syphilis of the central nervous system (especially tabes 
dorsalis), which occurred m from 17 to 18 per cent of our patients 

11 An additional 17 per cent of patients with cardiovascular syphilis, 
but without clinical evidence of neurosyphihs, had abnormal spinal fluids 
The actual incidence of complicating neurosyphihs was thus about 
35 per cent 

12 Positive Wassermann reactions of the blood were obtained for 
98 per cent of our patients with aneurysm, and 96 per cent of those with 
aortic regurgitation 

13 The association of cardiovascular syphilis and neurosyphihs as a 
complicating factor in treatment is discussed 

14 One hundred and forty-seven (89 per cent) of our patients had 
never recened any treatment for S 3 'phihs before the development of 
cardiovascular syphilis Of the remainder, not one had received ade- 
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quate treatment for eaily syphilis Only 4 of the 165 had leceived 
arsphenaniine at the time of early syphilis, and none of these got more 
than thiee injections 

15 These data, with those given m the second paragraph of this 
summary, constitute a powerful argument for the adequate treatment of 
early syphilis They also indicate that modern antisyphihtic treatment 
is probably not responsible for the appaieiit increase in the incidence 
of syphilitic aoititis 

16 The literature on the treatment of cardiovascular syphilis is 
briefly reviewed 

17 The evolution of the method of treatment now in use by us and, 
subject to minor modifications, by many other investigators, rs outlrned 
Especially sti ess is laid on sudden death during or immediately following 
the administration of arsphenamine to patients with syphilitic heart dis- 
ease, presumably due to ventricular fibrillation, on sudden death from 
twenty-foui to forty-eight hours following an injection, due to thera- 
peutic shock (the Jaiisch-Herxheimer reaction), and on the theiapeutic 
paradox 

18 The measures taken to avoid these reactions have resulted in 
the adoption of a method of treatment which is described in detail This 
method includes adequate general medical care and the cautious use of 
mercury, bismuth, the iodides, neoarsphenamine and bismarsen in small 
doses All leactions to treatment are meticulously avoided, and treat- 
ment is prolonged over a period of years 

19 Using this method of treatment and subdividing our material 
into four gioups, on the basis of the amount of treatment given, we 
have shown that in 22 patients with aortic aneurysm, who received little 
or no treatment, the mortality during the period of observation was 
90 per cent, and that the average duration of life from the onset of 
symptoms to deaths or, in living patients, to the last obseivation, was 
19 months In 15 well treated patients with aortic aneurysm, the 
mortality was 40 per cent, and the average duration of life 75 months 

20 The mortality m 57 patients with aortic regurgitation who 
received little or no treatment was 91 per cent, and the average dura- 
tion of life 30 months In 25 well treated patients, the mortality was 
16 per cent, and the average duration of life 71 months 

21 It is mathematically demonstrable that these data are probably 
statistically significant 

22 So far as can be judged from the average duration of symptoms, 
the respective numbers of patients symptom-free before and after treat- 
ment, and the incidence of congestive heart failure before and 
after treatment in the various treatment groups, the patients in the 
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\ anous groups were approximately similai That is, it does not appeal 
that our reported deaths occurred only among patients despeiatel} ill 
before tieatment, and our reported success only among patients with 
less serious or less rapidly progressive lesions 

23 The occurience of congestive heart failure before or after tieat- 
ment IS of serious prognostic import In this connection, Ave present 
analyses of our material fiom several standpoints 

24 Twenty-one of the surviving 56 patients of this senes aie 
symptom-free and able to work, 26 have some persistent symptoms, 
but can carry on at light work, 9 are incapacitated TAventy-eight of 
the 47 still able to work were well treated for syphilis 

25 S 3 anptomatic relief in cardiovascular syphilis is frequently 
obtained, and its probability is m direct proportion to the amount of 
treatment given 

26 The occasional alteration of physical signs during or aftei treat- 
ment IS discussed 

27 In an analysis from the standpoint of ability to work before 
and after treatment, well treated patients show up much more faAOiably 
than those untreated or badly tieated 

28 Complete incapacity is much less frequent and of shorter duia- 
tioii in well treated than m poorly treated patients 

29 Fifty-seven of our 165 patients died of progressive caidiac 
failure, 28 (10 with aneurysm and 18 with aortic regurgitation) died 
suddenly, 11 are dead, but the cause of death is unknown, 13 died of 
some cause other than cardiovascular syphilis 

30 The arsenical drugs given to our patients are tabulated and 
the reactions to them analyzed From these data Ave conclude that the 
arsenical drugs of choice are, in order, neoai sphenamme, bismarsen and 
silver ar sphenamme Old arsphenamine (606) should not be employed 
m patients with aneurysm or aortic regurgitation The use of tr}- 
parsamide should be limited to patients Avith complicating neurosyphilis 

31 A fixed positive Wassermann reaction of the blood is the rule 
in cai diovascular syphilis, and the response of this reaction to treatment 
may be completely disregarded 

32 From the analysis of our mateiial, we conclude that properly 
supervised antisyphilitic treatment, with adequate general medical care, 
giA'^en to patients Avith aneurysm or aortic regurgitation, prolongs life, 
alleAuates symptoms, maintains the ability to pursue a gainful occupation 
and reduces the period of incapacity 
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As a lesult of the investigations of Whipple, Minot, Castle and 
others, the piesent conception of Addison-Bieimer anemia is that it is 
a deficienc}^ disease of a distinct type An insufficient amount of some 
protein deiivative is available for noimal red blood coipuscle matura- 
tion, finally resulting in megaloblastic, maciocytic, hyperchromic anemia 
and hyperbilii ubinemia This lack of necessary protein deiivative may 
be dependent in part on an inadequate intake of readily available pro- 
tein, such as that contained in liver and stomach, and in part on inade- 
quate digestion of less available protein-containing substances, such as 
beef It has been contended by Castle and his co-woikeis^ that the 
lack of noimal protein digestion resulting in anemia is in some way due 
to the gastric achylia, although Castle has been unable to show what 
the necessaiy missing factor is He has shown by feeding experiments 
that it is not hydrochloric acid and not pepsin, that it is present m the 
gastiic contents of patients without pernicious anemia, and that it has 
the properties of an enzyme He has designated it as an unknown 
intrinsic factoi He felt that it was not contained in duodenal con- 
tents regurgitated into the stomach 

In 1929, Landau and Glass ^ reported a laige senes of miscellaneous 
cases in which they analyzed the fasting gastric contents and also the 
duodenal contents for pancreatic enzymes Only nine of the whole 
senes showed what the authors teimed both gastric and panel eatic 
achylia Eight of these weie definite cases of Addison-Bieinier anemia 
Six of the eight had no tiypsin at all, and the other two showed the 
extiemely low amount of only 2 units The ninth case was insufficiently 
studied to permit a diagnosis More recently, Kunos and Gero ^ have 
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2 Landau, A, and Glass, J Arch f Verdauungskr 56 192, 1929 

3 Kunos, I , and Gero, S Gyogyaszat 70 344, 1930 
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noted similar findings As the fasting gastiic content contains approxi- 
mately the same concenti ation of pancreatic enzymes as the fasting 
duodenal content, except m hyperchlorhydna, we examined the fasting 
gastiic contents of ten untreated patients with Addison-Biermer anemia 
for trypsin, and found it absent in nine In the tenth case theie was 
only 2 5 units In sixty other cases, mostly with achloihydria, ti 3 'psin 
was piesent m the contents of the fasting stomach m normal amounts 
Although such a lack of tiypsin secietion in cases of Addison-Bierniei 
anemia is contraiy to the findings in the two cases reported by McClure 
m 1922, it seems sufficiently striking to suggest a lelationship to the 
inadequate protein digestion occurring in Addison-Biermei anemia 

Such a relationship is also suggested by the red blood macrocytosis 
occurring m diseases of the pancreas The only conditions without 
marked anemia m which such a macrocytosis is found are the piimary 
anemias, ceitain cases of jaundice and pancreatic disoideis In nine 
cases of cancer of the pancreas, all showed an erythrocyte macrocytosis 
ranging fi om 7 9 to 8 5 microns In each of these cases our diagnosis 
was proved by operation or by autopsy Landau and Glass - discussed 
cases both of definite pancreatic disease and of primary anemia 

If the secretion of trypsin is necessary for the normal digestion of 
piotems, and if its absence, which is rare, is associated with a primary 
t 3 ^pe of anemia, it seems possible that its enzymic action is essential to 
the prevention of Addison-Biermer anemia Tiypsin might be the 
unknown intrinsic factor of Castle, not secreted by the stomach, but 
present owing to regurgitation from the duodenum Normal human 
gastric juice, even though free from bile, contains trypsin, except when 
the stomach is emptying rapidly ® In order to test such a hypothesis it 
was decided to duplicate Castle’s feeding experiments with digested 
beef, but to use pieparations of trypsin in solution to digest the meat 
instead of human gastric juice 

EXPERIMENTAL DATA 

In each experiment we carried out, the trypsm-containing solution was made 
up to 300 cc by the addition of distilled water, and incubated for two hours at 
37 C with 200 Gm of fat-free beef ground up as hamburger steak The resultant 
filtrate was passed through gauze and given the patient to drink, warm or cold 
No difficulty was encountered in administering the digested beef solution to the 
patients, except m one case of an old woman Feedings were carried out over 
periods \arying from seven to twenty-three days Each patient, with one exception 

4 McClure, C W , and Jones, C M Boston AI 3L S J 187 909, 1922 

5 ^on Boros, J Wien Arch f mn Med 12 243, 1926 

6 Martin, Lay Biliary, Pancreatic and Duodenal Studies Estimation of the 
Pancreatic Enzymes and V alue of Such Determinations from a Clinical Standpoint, 
Arch Int Med 39 343 (l^Iarch) 1927 



927 


CHENEY-NIEMAND—PERNICI 0 US ANEMIA 

to be noted later, had a definite case of Addison-Biermer anemia, and responded 
in the usual way to adequate amounts of liver extract 

Expeiiments m the Digestion of Beef by Soluftons Containing Tiypsm As 
none of the experiments gave any positive results, they will be described only 
briefly Pancreatin (Armour) was used as a beef digestant m three different 
cases without any effect on the red cell count, the hemoglobin determinations, 
the production of reticulocytes or the size of the cells as determined by the 
halometer^ Each patient was fed for fourteen successive days Bile with high 
trypsin content obtained from a human biliary fistula was used daily as a digestant 
for two weeks without effect, and pancreatic juice from the pancreatic fistula of 
a dog was equally ineffective over a seven day period Dr Nelson Howard per- 
formed the operation on the dog A solution of powdered trypsin (Armour), with 
a strength of about 100 units (Gross) of enzjmie activity, also failed to produce 
effective digestion of the beef 

These results demonstrated that a solution of trypsin alone was 
ineffective in the digestion of beef , so it was decided to try a solution 
more nearly simulating normal human gasti ic contents As we wished to 
obtain protein digestion similar to that occurring physiologically, we 
employed both the proteolytic enzymes commonly found m the stomach 
contents 

Expenmenfs m the Digestion of Beef by Solntions of Tiypsin, Pepsin and 
Hydiochlouc Acid — ^A solution of enzymes was made up which might be termed 
artificial gastric contents as far as protein digestion was involved This consisted 
of 300 cc of distilled water to which approximately 1 Gm of powdered trypsin, 
2 Gm of powdered pepsin (Armour) and from 2 5 to 3 cc of concentrated hydro- 
chloric acid were added This furnished a trypsin concentration of about 100 
units, an adequate amount of pepsin m terms of Castle’s similar work and a free 
acidity of from 90 to 100 degrees The solution was thoroughly mixed by stirring , 
200 Gm of ground beef was added, and incubation was carried out as in the 
previous experiments The filtrate obtained was fed to two patients with Addison- 
Biermer anemia and to one patient with sprue with a blood picture of pernicious 
anemia Four feeding experiments were carried out on the three patients, and a 
typical response to liver therapy was demonstrated in each during the stay in the 
hospital 

Case 1 — An old woman with arteriosclerosis, who was suffering from senile 
mental changes and diarrhea, had been failing clinically for one month before 
experiment 1 was started She showed glossitis, hyperbilirubinemia with a negative 
direct van den Bergh reaction, absence of trj^psm m the gastric contents during 
fasting and in the duodenal contents, and achlorhydria following the injection of 
histamine The blood findings before, during and after treatment are shown m 
table 1 The first experiment consisted of eight consecutive feedings, and was then 
stopped so that the patient might be utilized for a second experiment During the 
feedings she gained 9 per cent of hemoglobin and 590,000 red blood corpuscles m six 
days, the gam ceasing coincident with the cessation of therapy The reticulocytes 
rose to S per cent on the seventh day, and the corresponding typical alteration in 
cell sizes developed its maximum on the seventh day The blood count then 


7 Cheney, G California & West Med 34 40, 1931 

8 Fitzhugh, G, and Persons, EL J Clin Investigation 7 631, 1927 
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remained practical!} stationar}^ the reticulocjte count returned to normal, and the 
a\erage diameter of the erythroc 3 'tes returned to the original figure After six 
da} s experiment 2 was started, and the patient was again fed, this time for a period 
of tu enty-three days During this experiment, the red cell and reticulocyte 
response were typical of that produced by the administration of slightly inadequate 
amounts of liver, as described by Minot and his co-workers,® in that the erythro- 
C}te count improv’ed onl} a little, and there vv'as a much prolonged but not intense 
response of the reticulated red cells No improvement occurred after the cessation 
of therapy, and the reticulocyte count fell The changes in red cell size were 
again comparable to those in the reticulocyte figures in this experiment 


Tvble 1 — Results of E^peuments 1 and 2 on the Blood Picture m a Case of 
Addison-Bmmci Anemia and Pionounced Ai tciioscici osts 




Hemo 

Reticu 

Red Blood Cells, 


Bed Blood 

globin, 

locytes, 

Diameter, 


Cells 

per Cent 

per Cent 

Ailerons 

Before 1st feeding 





27th day 

2,100,000 

40 


80 

9th day 

1,520,000 

36 


SO 

3d day 

1,230,000 

34 


SO 

During 1st feeding 





1st day 

1,200,000 

32 

0 4 

80 

3d day 

1,230,000 

34 


78 

5th day 

1,550,000 

40 

09 

78 

7th day 

1,790,000 

40 

50 

76 

Before 2d feeding 





7th day 

1,760,000 

41 

31 

7 7 

4th day 

1,780,000 

40 

30 

79 

2d day 

1,700,000 

40 

01 

80 

During 2d feeding 





1st day 

1,760,000 

40 

01 

SO 

4th day 

1,700,000 

40 

16 

78 

6th day 

1,700,000 

40 

40 

70 

Sth day 

1,600,000 

40 

36 

77 

9th day 



37 

77 

11th day 

1,500,000 

40 

4 0 

76 

12th day 

1,500,000 

40 

60 

7 7 

13th day 



51 

78 

14th day 

1,570,000 

40 

58 

7 8 

18th day 

2,170,000 

45 

50 

79 

20th day 

2,090,000 

45 

50 

80 

23d day 

1,860,000 

43 

40 

80 

After 2d feeding 





3d day 

2,000,000 

45 

40 

8 0 

Gth day 

1,750,000 

43 

30 

8 0 


Case 2 — Experiment 3 was similarly carried out in a man 56 years old The 
blood findings are shown in table 2 The icteric index was 14 units The direct 
van den Bergh reaction was negative The fasting gastric contents contained no 
trypsin Gastric analysis after the injection of histamine failed to reveal any free 
acidity A bone marrow puncture showed a typical picture of pernicious anemia 
The Price-Jones curve was also t}pical The blood count was stationary for nine 
days before the special therapy was instituted, which was continued for eleven 
da}S There vv^as a gam of approximately 1,000,000 red blood corpuscles and 20 
per cent hemoglobin coincident with the special feedings No reticulocyte response 
occurred, but the average diameter of the erythrocytes showed the characteristic 
changes, the smallest occurring on the eighth day 

9 Minot, G R , Cohn, E J , Murphy, W P, and Lawson, H A Am J 
kl Sc 175 599, 1928 Minot, G R , Murphy, W P , and Stetson, R P ibid , 
p 581 
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Case 3 — Experiment 4 was can led out on a German woman aged 60, who for 
three years, since living in Shanghai, had had recurrent attacks of glossitis, 
weakness with anemia and diarrhea with large, bulky stools The blood showed 
macrocjtic hyperchromic anemia with leukopenia identical with that found in Addison- 
Biermei anemia, and a bone mariow puncture showed an identical picture There 
were SO units of trypsin present in each of two samples of gastric contents obtained 
during fasting, and free acidity was found on three gastric analyses The stools 
were characteristic of sprue The blood findings before, during and after treat- 


Table 2 — Results of Expeument 3 on the Blood Picture in a Case of Addison- 

Btciinei Anemia 



Red Blood 

Hemo 

globin. 

Reticu 
locytes, 
per Cent 

Red Blood Cells, 
Diameter, 


Colls 

per Cent 

Microns 

Before feeding 

9th day 

2,720,000 

C2 

05 

7 7 

2d day 

2,820,000 

CO 

05 

7 7 

During feeding 

2d day 

2,980,000 

68 

Do 

7 7 

6th day 

S,o00,000 

75 

05 

7 5 

8th day 

3,600,000 

75 

05 

71 

10th day 

3,So0 000 

7S 

0 5 

7 5 

After feeding 

1st day 

3,010,000 

SO 


74 

4th day 

4,080,000 

82 


7 0 


Table 3 — Results of Expeument 4 on the Blood Pictiue in a Case of Spine with 
a Typical Piimaiy Type of Anemia 




Hemo 

Reticu 

RedBlood Cells! 


Red Blood 

globin. 

locj tes. 

Diameter, 


Colls 

per Cent 

per Cent 

Microns 

Before feeding 





22d day 

1,500,000 

47 



20th day 

1,550,000 

45 


88 

9th day 

1,590,000 

48 


S 7 

During feeding 





1st day 

1,420,000 

48 

>0 5 

86 

5th day 

1,400,000 

50 

40 

86 

8th day 

1,380,000 

50 

30 

S3 

I2th day 

1,800,000 

52 

1 0 

84 

15th day 

2,032,000 

57 

05 

85 

After feeding 





2d day 

2,238,000 

58 

>0 5 

8 4 

6th day 

2,190,000 

60 

0 5 

84 

llth day 

2,100,000 

62 

05 

84 

14th day 

2,140,000 

62 

•0 5 

84 


ment are recorded in table 3 It is noteworthy that the blood count was prac- 
tically stationary for three weeks before the experiment was started 

As It has been shown that this type of sprue with anemia responds to treatment 
with liver extract in the same manner as does pernicious anemia, it was thought 
that if a sufficient amount of red blood corpuscle maturation factor could be pro- 
duced by digesting beef, a similar response might be obtained As both free hydro- 
chloric acid and trypsin were present m this patient, the object was to introduce 
a larger amount of the necessary protein derivative than she could herself digest 
and absorb She was fed for fifteen days in the same manner as the patients in 
cases 1 and 2 The hemoglobin rose 10 per cent, and the red blood count increased 


10 West, Randolph Porto Rico Rev Pub Health 3-4 219, 1927-1929 
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800,000 cells by the second day after feeding was discontinued, and then remained 
approximately stationary for twm w'eeks The red blood count did not start to 
increase until after the ninth day of therapy, and gained on an average of 100,000 
cells a day for eight consecutue days The reticulocjde count rose to 4 per cent 
on the sixth day and gradually fell to less than 0 5 per cent on the fourteenth day 
The average red cell diameter also diminished in the characteristic manner, reach- 
ing the lowest point on the ninth da> 

Two further experiments were carried out in order to determine if only small 
amounts of trypsin would produce the same results as in the four preceding feeding 
tests The solution was made up in the same way, containing the same amounts 
of water, pepsin and hydrochloric acid, but only enough trypsin was added to give 
a concentration of between 2 5 and 5 units Such trypsin values are below the 
low limits of normal, and occur but rarely This artificial gastric content, inade- 
quate in trypsin, w^as used to digest the beef, and the resultant filtrate was fed to 
two patients with Addison-Biermer anemia In the first case the feedings were 
continued for twelve consecutive days, and in the second case, for nine 

In the first of these two experiments the red blood cell count fell from 1,240,000 
cells to 890,000 cells and the hemoglobin dropped from 35 to 32 per cent during 
the period of feeding No reticulocyte response occurred However, the diameter 
of the erythroc 3 des diminished from 81 to 78 microns on the eighth day, rising 
again to reach 8 2 microns on the tw'elfth day In the second experiment the red 
blood cell count was practically stationar}'- throughout the nine daj’’S The initial 
figure was 1,560,000, and the figure on the ninth day was 1,380,000 The hemo- 
globin w'as 40 per cent throughout No reticulocyte response occurred, however, 
the diameter of the erythrocytes diminished again, and subsequently increased, just 
as in patients fed with liver Before the experiment the average diameter was 
8 5 microns, falling by the seventh day to 7 6 microns, and subsequently rising to 
8 4 microns 

COMMENT 

It has been pointed out briefly that vai lous solutions of trypsin alone 
tver^ not effective in the digestion of beef The product of digestion 
when fed to patients with Addison-Biermer anemia did not produce 
any changes in the blood pictuie When a solution of pepsin, hydro- 
chloiic acid and tiypsin comparable to that which might be obtained 
fiom a noimal stomach was used as a digestant, something was pro- 
duced from the beef, which when fed to the patient produced definite 
changes m the blood pictuie As only human gastric contents have 
heretofoie pioved potent m such feeding experiments, the results 
obtained are worthy of careful analysis, even though the number of 
experiments is relatively small 

In each of the first four experiments wuth our artificial gastic con- 
tents, there was an improvement m the red blood cell count and hemo- 
globin during the feedings The tables show that the counts w^ere 
stationar}’- befoie each experiment, and w'^ere again stationary subse- 
quent to the experiment During the first feeding in case 1, case 2 and 
case 3, the erAThrocytes increased at a rate of about 100,000 a day 
during the period of improvement w^hich is comparable to the rate of 
rise after Iner therapy In experiment 1 and in experiment 4 there 
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tion, and which may not have been exactly compaiable to the fieshl} 
actuated enzAmie in nonnal duodenal contents Also, the patient in case 1 
sho^\ed maiked arteriosclerosis, which seems to be a hairier to the 
usually eftective method of treatment, m that a largei dosage is 
requiied^^ These points do not beai discussion at piesent and can 
be settled only by the results of furthei expeimients The important 
point to be made now is that some matwation factoi zms pioduced 

Returning to the original hypothesis that panel eatic insufhcienc} , 
notably a lack of trypsin production, is possibly related to the cause of 
Addison-Biermer anemia, just what do the lesults of our feeding experi- 
ments demonstrate^ They show that tryptic digestion alone is no moie 
eftective than pepsin and hydrochloric acid alone, which was shown by 
Castle’- However, both these pioteolytic enzymes together in solution 
aie capable of producing fiom beef the substance necessary to bring 
about a remission in a case of maci ocytic hyperchromic anemia Further- 
more, if very small amounts of trypsin are used with the activated 
pepsin, no remission occurs If theie is, then, an inadequate pi educ- 
tion of tiypsm in a case of Addison-Biermer anemia during the stage 
of exacerbation, as well as a gastric achylia, and if beef digested by 
active pepsin and tiypsm is capable of producing a remission in such 
a case, it seems piobable that the fundamental disorder in Addison- 
Biermer anemia is a pancreatic msufticiency supei imposed on gastric 
achylia, lesulting m deficient protein digestion which is lesponsible for 
the anemia Tiypsm would then represent the unknown intrinsic factoi 
of Castle, or, to be more accurate, the unknown exti agastric factor of 
Moiawitz 

We have not proved such a hypothesis, but have made this pre- 
liminary report on the results of a few experiments m oider that it 
may be more rapidly proved or disproved by the work of others, pai- 
ticularly as cases of untreated pernicious anemia suitable for neces- 
sai)'- expel imentation are now so rarely encountered A great many 
questions will be raised about such a conception of the cause of Addi- 
son-Biermer anemia, w hich cannot be dealt with at present, but u ill be 
considered m a subsequent report 

SUMMARY 

1 The present conception of Addison-Biermer anemia is that it is 
a deficiency disease due to an inadequate supply of a protein dern atn e 
necessaiy to normal matuiation of red blood cells 

2 As a result of successful experiments m feeding beef digested 
with normal human gastric contents to patients with Addison-Biermer 

11 Beebe, R T, and Lewis, G E Am J M Sc 181 796, 1931 

12 "Morawitz P A.rch f Verdauungskr 47 305, 1930 



CHENEY-NIEMAND—PERNICIO US ANEMIA 


933 


anemia, Castle has concluded that the cause of the disorder is dependent 
on the gastric achylia The nature of this supposed gastric defect has 
remained unproved, and he has termed it the unknown intrinsic factor 

3 Recent studies of the gastric contents during fasting and duo- 
denal contents strongly suggest that in cases of Addison-Biermer anemia 
there is a marked insufficiency of the pancreatic enzymes, notably 
trypsin, m addition to the gastric achylia The macrocytosis char- 
acteristic of this anemia has also been frequently observed in pancreatic 
disorders 

4 Feeding experiments m which solutions of trypsin weie used to 
digest beef have failed to produce any effect on the, blood findings in 
cases of Addison-Biermer anemia 

5 Feeding experiments m which an artificial gastiic content contain- 
ing hydrochloric acid, pepsin and trypsin was used to digest beef have 
in thiee instances in two cases of Addison-Biermer anemia and in one 
instance in a case of sprue with a similar blood picture produced changes 
in the red blood cell count, hemoglobin deteimmations and reticulocyte 
response similar to those obtained by Castle 

6 Changes m the average diameter of the red cells characteristic of 
a beginning remission after liver therapy occurred m these four instances 
and also m two others when veiy small amounts of tiypsm were used 
No other evidence of improvement in the blood findings was detected 
in the last two cases 

7 Our feeding experiments show that beef digested by hydi ochlonc 
acid, pepsin and trypsin yields the erythiocytic maturation factor neces- 
sary to produce all the blood changes characteiistic of a remission in 
pernicious anemia The changes demonstiated are not as pronounced 
as those in adequate liver therapy, but are on the whole more like 
those m inadequate treatment with liver 

8 It seems probable that the piotem derivative deficiencv in Addi- 
son-Biermer anemia is due to a lack of both peptic and tiyptic diges- 
tion Tr}^psin would then represent the unknown intrinsic factor of 
Castle 



THIOCYANATE THERAPY IN HYPERTENSION 

II ITS EFFECT ON BLOOD PRESSURE 
WILLIAM GOLDRING, MD 
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NEW YORK 

The reintroduction of thiocyanate in the treatment for arterial hyper- 
tension has, in recent years, attracted wide attention A number of 
investigators have attested to its effectiveness m lowering both normal 
and abnormally elevated blood pressures ^ On the other hand, it has 
been stated that in a large group, thiocyanate appears to exert no more 
beneficial effect on hypertension than do certain so-called nonspecific 
measures of therapy, classed under the general heading of “psychic and 
sedative treatment ” ^ We have shown in a previous study ® that thio- 
cyanate administered m the dosage frequently recommended may be 
accompanied by serious toxic manifestations and even death Further- 
more, the great tendency toward variability of raised blood pressures^ 
and the not infrequent spontaneous remissions observed m the course 
of essential hypertension ® often render the true interpretation of any 
so-called therapeutic endeavor particularly hazardous It therefore 
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seemed advisable to us that another series of observations be added to 
those reported by other investigators, in order to add to the sum total 
of such observations and to deteimine, if possible, the range of effective 
dosage by interpreting as effective only distinctly unequivocal instances 
of loweiing of blood pressure, finally, to make such observations on the 
gxcretion of thiocyanate in individual patients as were deemed necessary 
in order to arrive at a quantitative estimate of the amount of residual 
drug in the body at the time of its first observed effect on the blood 
pressure 

PLAN OF STUDY AND METHOD 

Fifty patients with hypertension were selected and subjected to 
seventy-four different trials Avith thiocyanate therapy Of these trials, 
sixty-nine were with patients who had hypertension of the essential 
type and five were with patients whose hypertension was associated with 
chronic diffuse glomerulonephritis Forty-four tnals were made in the 
outpatient clinic and thirty were made during a stay in the hospital 
wards All blood pressure readings were made by the same group of 
observers Readings were consistently taken on the right arm only, and 
a standaid mercury manometer was used exclusively The auscultatory 
method was invariably employed A sufficient period of mental and 
physical rest was uniformly insisted on before blood piessuie readings 
were made With the arm cuff in position, five and often more readings 
were made before the blood pressure level was decided on When for 
any reason doubt existed or when a decided change from the previous 
reading was noted, two and usually three observers made independent 
readings before a final estimate of the blood pressure level was accepted 
While on thiocyanate therapy, outpatients were seen weekly and ward 
patients at least once daily 

Being aware of the great tendency toward spontaneous variability 
of blood pressure levels, control periods were extended as long as 
feasible, and as many blood pressure readings were made as we believed 
were necessary on each patient The length of the contiol peiiod was 
principally determined by the history of known duration of the hyper- 
tension and the degree of variability of the blood pressure noted under 
our own observation That is, the longer the history of hypertension 
as obtained from the patient and the less the variability of the blood 

pressure under our observation, the relatively shoiter control period 
seemed necessary 

Both the sodium and potassium salts were used indiscriminately in 
our series, and no lecord was kept of the particular salt administered to 
each patient Such a record did not seem necessary in view of the 
evidence that the effective radical is the thiocyanate « 


6 Nichols (footnote 1, third reference) 
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The pnncipal purpose of this study was to investigate the depressor 
effect of thiocyanate on the blood pressure in persons with hypei tension 
It was necessaiy then to decide on some cnteiion by which this effect 
could be measured Two alternatives presented themselves The first 
criterion that suggested itself was a predetermined fall, in millimeters 
of mercury, in both s 3 '’stolic and diastolic pressuies It was obvious 
early m our study that this criterion of effect would not be wholly 
adequate, because even appieciable falls in blood pressure from a very 
high pretreatment level might not constitute a satisfactoiy clinical 
1 eduction, as, for example, a fall m systolic pressure from 260 to 210 mm 
of mercury or a fall in diastolic pressure from 140 to 115 mm Moie- 
over, there are instances m which a considerable and peisistent fall from 
the control level occurs in the systolic piessure, wheieas the fall in the 
diastolic piessure is insignificant This occurrence is not infrequent 
when the pretreatment level of the systolic pressuie is considerably 
elevated above normal and the diastolic only slightly Such a response, 
we believe, must obviously be accredited to the therapy employed, but if 
the aforementioned criterion were used, it would have to be regarded 
as an unsuccessful trial The second alternative was to use as a criterion 
a definite level of systolic and diastolic blood piessuies, a fall to or 
below which, after tieatment, would be termed a successful depressor 
effect We decided to use this ciiterion and selected arbitral ily the level 
of 165 systolic and 100 diastolic On the face of it, it may appear that 
in some instances the therapy was considered as effective even though 
only slight falls occurred from the control level of pressure to the 
“criterion” level Actually, as the tables show, this was not the case 
The aveiage of all “successful” falls in sy’^stolic pressure amounted to 
45 mm of mercury and in the diastolic piessure it amounted to 31 mm 

The method employed in estimating the quantitative excretion of 
thiocyanate in the mine and its accuracy as compared with the method 
described by Schreiber " were noted in a prevaous paper by'^ us ® 

In order to evaluate further the effectiveness of thiocyanate as a 
depressor drug, strict interpretation was applied to the meaning of the 
term “trial ” In the early part of the study a “trial” was considered 
complete only when the drug had lowered blood pressure, in accordance 
with our stated criteria, or when toxic synnptoms occurred The rela- 
tively frequent occuirence of toxic manifestations in our early cases 
suggested the necessity’' for modifyung our stand in the interests of 
safety to the patient Accordingly in the patients studied in the latter 
part of this series a “trial” was considered complete if neither thera- 

7 Schreiber, H Thiocyanate Content of Human Blood Serum, Biochem 
Ztschr 163 241, 1925 
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peutic noi toxic effect occurred when 0 163 Gm (2^4 giains) had been 
given foi seventy-seven consecutive days oi moie, if 0 326 Gm (5 
grains) had been given for eighteen consecutive days or more or if 
0 652 Gm (10 grains) had been given foi twelve consecutive days or 
more In the three instances in which 1 Gm oi more was given daily, 


Table 1 — Results of Ticatment ivith Thiocyanate in Essential Hypei tension 

Ambulatoiy Gioup 




Blood Pressure Control 


Loivest 

Til 10 

Effective in 
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Control 

Blood Pres 

evanate 

Lowering 



Range, 

Average, 

Period, 

sure alter 

IntOM 

Blood 

No 

Age 

Mm Hg 

Mm Hg 

Hays 

Treatment 

cation 

Pressure 

1 

54 

220/110 to 198/104 

213/107 

126 

150/ 85 

No 

Yes 

2 

54 

220/130 to 190h04 

190/104 

161 

105/ 90 

No 

Yes 

3 

64 

220/120 to 185/100 

205/109 

35 

140/ 70 

No 

Yes 

4 

65 

230/138 to 175/104 

203/110 

294 

190/ 92 

Yes 

No 

5 

46 

260/130 to 210/110 

232/120 

378 

185/ 95 

No 

No 

6 

66 

205/120 to 170/ 98 

180/105 

231 

135/ 70 

Yes 

Yes 

7 

37 

240/140 to 188/106 

203/122 

273 

158/ 95 

No 

Yes 

8 

53 

236/156 to 198/120 

220/136 

182 

157/ 90 

No 

Yes 

9 

53 

215/125 to 175/115 

196/117 

35 

ISO/ 75 

No 

Yes 

10 

53 

205/120 to 174/105 

190/113 

14 

145/ 90 

No 

Yes 

11 

29 

268/132 to 180/132 

200/132 

183 

180/125 

No 

No 

12 

29 

268/132 to 180/132 

198/132 

168 

185/125 

Yes 

No 

13 

29 

268/132 to 180/132 

190/130 

203 

150/110 

No 

No 

14 

50 

210/120 to 160/108 

174/112 

33 

155/ 95 

No 

No 

15 

42 

250/160 to 132/ 80 

187/122 

53 

207/127 

No 

No 

16 

38 

182/145 to 168/135 

177/140 

14 

2S0/225 

No 

No 

17 

58 

212/122 to 196/109 

203/110 

84 

165/105 

No 

No 

18 

61 

224/130 to 198/110 

210/119 

86 

lozjm 

No 

No 

19 

62 

240/125 to 200/ 96 

217/109 

91 

168/ 90 

No 

Yes 

20 

51 

222/142 to 210/140 

218/141 

28 

184/112 

No 

No 

21 

46 

250/118 to 195/100 

222/109 

62 

184/ 90 

No 

No 

22 

04 

210/ 88 to 190/ 88 

198/ 88 

32 

150/ 75 

No 

Yes 

23 

53 

230/123 to 170/110 

200/121 

48 

170/ 98 

No 

No 

24 

40 

250/130 to 232/120 

239/123 

42 

186/106 

No 

No 

25 

46 

225/110 to 184/ 90 

209/103 

84 

200/100 

No 

No 

26 

62 

200/100 to 188/ 92 

200/ 90 

28 

164/ 82 

No 

No 

27 

65 

212/110 to 160/ 90 

180/101 

111 

178/ 94 

No 

No 

28 

54 

212/104 to 198/ 94 

200/ 97 

42 

170/ 90 

No 

No 

29 

45 

200/128 to 185/102 

192/115 

76 

174/ 96 

No 

No 

30 

54 

210/118 to 105/100 

182/100 

133 

iss/ios 

No 

No 

31 

42 

199/125 to 190/108 

190/116 

21 

178/110 

No 

No 

32 

51 

250/158 to 184/110 

243/129 

203 

164/120 

No 

No 

S3 

55 

250/140 to 180/ 98 

200/110 

67 

150/ 96 

No 

No 

34 

62 

235/130 to 180/115 

208/123 

28 

215/110 

No 

No 

35 

46 

260/130 to 185/ 92 

215/110 

469 

166/ 90 

No 

No 

36 

64 

215/120 to 100/180 

200/105 

28 

150/ 72 

No 

No 

37 

63 

230/138 to 175/ 95 

205/110 

220 

190/ 90 

No 

No 

38 

54 

220/120 to 165/100 

195/105 

168 

175/108 

No 

No 

39 

46 

250/118 to 170/ 94 

185/102 

64 

176/110 

No 

No 

40 

64 

216/ 90 to 184/ 78 

199/ 88 

91 

142/ 70 

No 

Yes 

41 

50 

218/120 to 212/122 

215/124 

7 

182/100 

No 

No 

42 

53 

220/120 to 170/ 98 

180/110 

90 

200/112 

No 

No 

43 

40 

234/128 to 186/106 

205/105 

180 

186/104 

No 

No 

44 

56 

230/125 to 180/100 

209/119 

360 

190/ 90 

Yes 

No 


the drug was discontinued because of toxic symptoms in two and a fall 
111 blood pressure in one In every instance in which we discontinued 
thiocyanate before either a therapeutic or a toxic effect occurred, the 
total amount that had been administered was with few exceptions, 

greater than the amount frequently repoited by otheis as an effective 
dosage 


RESULTS 

Tables 1 and 2 give a summary of the results of treatment with 
thiocyanate m an ambulatory and a hospitalized group of patients with 
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essential h}pertension Theie weie forty-four trials in the ambulatory 
group and t^^enty-fi^e tiials in the hospital gioup The ages ranged 
from 29 to 65 }ears The period of control in the ambulatory gioup 
ranged from seven to three hundred and seventy-eight days and in the 
hospital group from five to one bundled and five dajs It will be noted 


Table 2 — Results of Ticatment with Thiocyanate m Essential Hypertension 

Flospitaliced Gioup 




Blood Pressure Control 


Lon est 

Thio 

Effective in 



A 

^ 

Control 

Blood Pres 

cj anatc 

Lonering 



Range, 

A\ erage. 

Period, 

sure after 

Intoxi 

Blood 

^0 

Age 

Mm Hg 

Mm Hg 

Days 

Treatment 

cation 

Pressure 

1 

50 

210/120 to 160/103 

174/112 

15 

160/100 

No 

No 


53 

232/134 to 198/125 

209/129 

8 

129/ 70 

No 

Yes 

o 

40 

20S/120 to 190/103 

194/114 

35 

170/110 

No 

No 

4 

57 

230/130 to 186/ 92 

202/113 

11 

118/ 90 

Yes 

Yes 

5 

53 

236/134 to 196/120 

220/113 

16 

146/ 74 

No 

Yes 

C 

53 

230/130 to 220/106 

224/113 

7 

210/120 

Yes 

No 

7 

55 

180/105 to 158/ 95 

174/102 

12 

115/ 80 

No 

Yes 

8 

56 

220/130 to 190/100 

207/110 

8 

158/ 90 

Yes 

Died* 

9 

40 

225/130 to 204/100 

237/112 

13 

204/ 88 

Yes 

Died* 

10 

63 

210/146 to 190/128 

202/133 

5 

140/ 80 

Yes 

Yes 

11 

50 

250/155 to 216/120 

230/130 

18 

180/100 

No 

No 

12 

50 

230/130 to 180/100 

205/110 

47 

190/120 

Yes 

No 

13 

63 

240/168 to 190/128 

215/145 

31 

138/ 70 

No 

Yes 

14 

52 

228/138 to 208/104 

221/122 

8 

182/ 90 

No 

No 

lo 

55 

250/140 to 198/120 

227/137 

12 

180/100 

No 

No 

16 

55 

250/140 to 180/ 98 

200/110 

105 

210/114 

Yes 

No 

17 

49 

260/140 to 190/ 96 

204/114 

25 

180/ 98 

No 

No 

18 

43 

198/132 to 170/112 

181/126 

14 

148/ 86 

No 

Yes 

19 

46 

200/100 to 185/ 95 

187/109 

86 

162/ 92 

No 

No 

20 

48 

208/118 to 178/108 

195/115 

13 

186/ 98 

No 

No 

21 

44 

168/114 to 154/ 92 

159/103 

9 

162/ 90 

Yes 

No 

22 

54 

264/132 to 240/120 

253/128 

9 

164/ 84 

Yes 

Yes 

23 

51 

182/120 to 162/ 98 

173/ 98 

19 

140/ 88 

No 

No 

24 

48 

198/160 to 184/ 98 

200/119 

17 

184/ 96 

No 

No 

25 

51 

250/138 to 192/118 

221/124 

11 

190/110 

No 

No 


* Death due to tliiocjanate poisoning- 


Table 3 — Results of Tieatnient with Thiocyanate m Nephiitic (Chionic Diffuse 

Gloniei uloncphi itis) Hypei tension 




Blood Pressure Control 


Lowest 

Thio 

Effective in 



^ > 

- ■ -s 

Control 

Blood Pres 

cyanate 

Lonenng 



Range, 

Average, 

Period, 

sure after 

IntOM 

Blood 

No 

Age 

Mm Hg 

Mm Hg 

Days 

Treatment 

cation 

Pressure 

1 

31 

220/140 to 180/120 

196/130 

7 

114/ 64 

No 

Yes 

2 

44 

290/180 to 234/156 

290/105 

9 

138/ 95 

No 

Yes 

o 

47 

248/160 to 202/125 

229/141 

8 

160/100 


Yes 

4 

60 

210/110 to 176/ 90 

195/ 93 

150 

194/ SO 

No 

No 

n 

00 

210/110 to 175/ SO 

195/ 95 

143 

170/ 80 


^o 


that a “tiial” vas considered eftective when the blood pressure fell to 
or below 165 S 3 Stohc and 100 diastolic, that is, the arbitraril}'' chosen 
criterion Theie are instances (see cases 20, 24 and 41, table 1, and 
cases 11, 14 and 15, table 2) in which marked falls in both systolic and 
diastolic pressures occurred, but the blood piessure remained distinctly 
above 165 S)stohc and 100 diastolic, and no improvement occurred in 
the subjective symptoms In ordei to adhere to our strict standard of 
criteria for efifect all these instances, because of the difficulty of their 
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interpretation, were considered ineffective Table 3 shows the effect 
of thiocyanate on the hypertension of chronic diffuse glomerulo- 
nephritis It represents five trials on four patients It is interesting, 
even in the small number, that notwithstanding reports to the contrary, 
thiocyanate carefully administered appears just as likely to be effective 
and no more likely to produce toxicity in patients with glomerulonephritis 
than in patients with essential hypei tension In this group, care was 
taken not to include patients during an acute exacerbation because of 
the possibility of an accompanying spontaneous fall of blood pressure as 
the acute condition subsides It may seem that the contiol period of 
from seven to nine days in the so-called “effective” cases was too short 
to be conclusive But that thiocyanate did actually lower the blood 


Table 4 — Persistence of Hypotensive Effect of Thiocyanate 


No 

Tj’pe of 

Hyper 

tension 

Average 

Daily 

Dose, 

Gm 

Total 

Dose, 

Gm 

Per 

sistonce. 

Days 

Ambulatory group 

1 

Essential 

0 326 

8 48 

28 

2 

Essential 

0 326 

10 76 

26 

3 

Essential 

0 052 

13 69 

49 

4 

Essential 

0 326 

15 98 

34 

6 

Essential 

0 326 

29 35 

110 

6 

Essential 

0 489 

31 96 

55 

7 

Essential 

0 326 

33 66 

48+ 

S 

Essential 

0 489 

75 50 

41 

Hospitalized group 

9 

Essential 

0 326 

4 56 

28+ 

10 

Essential 

0 652 

8 48 

15+ 

11 

Nephritic 

0 652 

9 29 

14 

12 

Nephritic 

0 978 

10 43 

73+ 

13 

Essential 

1 192 

26 35 

7 

14 

Essential 

0 613 

31 14 

82 


pressure in at least one patient was obvious from the fact that the blood 
pressure returned to its original level fourteen days after the diug was 
discontinued In the two other patients the blood pressure remained 
low up to the time the patients left the hospital at their own request 

Table 4 represents follow-up observations on fourteen patients in 
whom the blood pressure was effectively lowered by thiocyanate and 
the duration of the hypotensive effect after discontinuance of the drug 
The hypotensive effect in this group of patients persisted for from 
seven to one hundred and ten days, at which time the blood pressure 
had returned to or nearly to its control level There seemed to be no 
constant relationship between the persistence of the artificially lowered 

blood pressure and the amount of thiocyanate requiied to produce the 
lowering 

Table 5 serves to indicate that the effect of thiocyanate cannot be 
logically anticipated from the average daily dose or the duiation of medi- 
cation It will be seen that a “trial” was considered completed when 



Table S — Relation of the Dosage of Thiocyanate to the Effect on Blood Pressure 
and the Occurrence of Tone Manifestations 



Blood Pressure 
Dowered to or 

Average 

Duration of 




Type of Below 165/100, 

Daily Dose, 

Medication, 

Total Dose 


No 

Hjpertension 

Mm Hg 

Gm 

Days 

Gm 

Toxic Effect 

I 

Essential 

Yes 

0 326 

14 

4 50 

No 

2 

Essential 

Yes 

0 652 

7 

4 56 

No 

3 

Essential 

Yes 

0 326 

14 

4 56 

No 

4 

Essential 

No 

0 326 

18 

5 87 

No 

5 

Essential 

No 

0 652 

9 

5 87 

Psychosis 

0 

Essential 

No 

0 978 

7 

6 85 

No 

7 

Essential 

No 

0 326 

25 

815 

No 

8 

Essential 

No 

0 815 

10 

8 15 Nausea, vomiting 

9 

Essential 

Yes 

0 326 

27 

8 80 

No 

10 

Essential 

No 

0 326 

28 

913 

No 

11 

Essential 

No 

0 652 

14 

913 

No 

12 

Essential 

Yes 

0 326 

28 

913 

Psychosis 

13 

Essential 

Yes 

0 978 

10 

9 78 

No 

14 

Essential 

No 

0 652 

15 

9 78 

Death* 

15 

Essential 

No 

0 326 

33 

10 76 

No 

16 

Essential 

No 

0 405 

28 

11 34 

Fatigue 

17 

Essential 

No 

1 620 

7 

11 34 

Psychosis 

18 

Essential 

Yes 

0 326 

35 

11 41 

No 

19 

Essential 

No 

0 326 

35 

11 41 

No 

20 

Essential 

No 

0 326 

35 

11 41 

No 

21 

Essential 

No 

0170 

69 

11 73 

Dermatitis 

22 

Essential 

No 

0 978 

12 

11 74 

No 

23 

Essential 

No 

0 978 

12 

11 74 

No 

24 

Essential 

No 

0163 

77 

12 55 

No 

25 

Essential 

No 

0 978 

13 

12 71 

Psychosis 

26 

Essential 

No 

0 326 

40 

13 04 

No 

27 

Essential 

No 

0 652 

20 

13 04 

No 

28 

Essential 

No 

0 326 

40 

13 04 

No 

29 

Essential 

Yes 

0 691 

19 

1313 

No 

30 

Essential 

No 

0 326 

42 

13 69 

No 

31 

Essential 

Yes 

0 652 

21 

18 09 

No 

32 

Essential 

No 

0 326 

42 

13 69 

No 

83 

Essential 

No 

0 326 

42 

13 69 

No 

34 

Essential 

Yes 

0 326 

43 

14 01 

Fatigue, nausea 

35 

Essential 

Yes 

0 805 

18 

14 49 

Death* 

36 

Essential 

No 

0 326 

49 

15 97 

No 

37 

Essential 

Yes 

0 326 

49 

15 97 

No 

38 

Essential 

No 

0 489 

35 

17 11 

Fatigue, nausea 

89 

Essential 

No 

0 326 

55 

17 93 

No 

40 

Essential 

No 

0 652 

28 

18 20 

No 

41 

Essential 

No 

0 652 

28 

18 20 

No 

42 

Essential 

No 

0163 

121 

19 72 

No 

43 

Essential 

No 

0 326 

03 

20 54 

No 

44 

Essential 

Yes 

0 326 

06 

21 51 

No 

45 

Essential 

Yes 

0 326 

69 

22 49 

No 

46 

Essential 

Yes 

0 326 

70 

22 82 

No 

47 

iEssential 

No 

0 326 

71 

23 15 

No 

48 

Essential 

No 

0163 

148 

2412 

No 

49 

Essential 

No 

0 326 

75 

24 45 

No 

50 

Essential 

No 

0 326 

77 

25 10 

No 

51 

Essential 

No 

0 326 

77 

25 10 

No 

52 

Essential 

Yes 

0 326 

78 

25 42 

No 

53 

Essential 

No 

0 489 

52 

25 43 

No 

54 

Essential 

No 

0 648 

41 

20 57 

No 

55 

Essential 

Yes 

1210 

22 

26 62 

Psychosis 

56 

Essential 

No 

0 652 

41 

26 73 

No 

57 

Essential 

No 

0 652 

42 

27 38 

No 

58 

Essential 

No 

0 326 

84 

27 38 

No 

59 

Essential 

No 

0 652 

42 

27 38 

No 

60 

Essential 

No 

0 652 

49 

31 95 

No 

61 

Essential 

Yes 

0 038 

51 

32 54 

Psychosis 

02 

Essential 

No 

0 052 

50 

32 60 

No 

63 

Essential 

Yes 

0 978 

35 

34 27 

No 

04 

Essential 

Yes 

0 052 

55 

35 86 

No 

05 

Essential 

No 

0 052 

55 

35 86 

No 

60 

Essential 

No 

0 578 

78 

45 08 

No 

07 

Essential 

No 

0 652 

74 

48 25 

No 

OS 

Essential 

No 

0 652 

100 

65 20 

No 

09 

Essential 

No 

0 326 

203 

60 18 

No 

70 

Glomerulonephritis 

Yes 

0 326 

19 

619 

No 

71 

Glomerulonephritis 

Yes 

0 978 

10 

9 78 

Ko 

72 

Glomerulonephritis 

Yes 

lOSO 

10 

10 80 

No 

73 

Glomerulonephritis 

No 

0 320 

64 

20 86 

No 

74 

Glomerulonephritis 

No 

0 652 

76 

49 55 

No 

1 

Normal blood pressure 

Yest 

0 652 

5 

3 20 

No 

2 

Normal blood pressure 

Yest 

0 326 

14 

4 56 

No 

3 

Normal blood pressure 

Yest 

0 978 

5 

4 89 

No 

4 

Normal blood pressure 

Yest 

0 326 

36 

1174 

No 


* Death due to thiocyanate poisoning 

t The tall after treatment Tvith thiocyanate was unequivocal and persistent for from two 
to ten days 
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the blood pressure fell in accordance with our stated criterion, when 
toxic symptoms occurred or when the total amount of thiocyanate 
administered was in most instances distinctly greater than the amount 
usually recommended by others as therapeutically effective ® The latter 
course, namely, discontinuance of the thiocyanate before either thera- 
peutic or toxic manifestations occurred after a relatively large dose had 
been administered, seemed imperative to us because of our previous 
experience with the toxicity of thiocyanate ® The toxic manifestations 
noted in this table are fully described in the study referred to This 
table further indicates the frequency with which thiocyanate may lower 
normal blood piessure 

In table 6, the data of the pieceding table aie condensed and sum- 
marized They lepresent an evaluation of the clinical usefulness of 
various dosages of thiocyanate The absence of therapeutic effect with 


Table 6 — Effectiveness of Thiocyanate with Vauons Daily Dosages 




Blood 



Tbio 

Number 



Pressure 



evanate 

o£ Patal 



Lowered to 

Effec 

Number 

Intoxi 

Cases Due 


Number 

or Below 

tiveness. 

of 

cation, 

to Thio 


Of 

165/100, 

per 

Toxic 

per 

cyanate 

Daily Dose, Gm 

Trials 

Mm Hg 

Cent 

Cases 

Cent 

Poisoning 

0 163 (2% grams) 

4 

0 

0 

1 * 

25 

0 

0 326 (5 grams) 

34 

12 

85 2 

o 

o 

88 

0 

0 489 0 815 (7 5 12 5 grams) 

26 

6 

23 

6 

2S 

2 

0 978 1 63 (15 25 grams) 

10 

5 

50 

3 

33 3 

0 


* Maculopapular dermatitis 


0163 Gm (2l4 grains) daily administered fiom seventy-seven to one 
hundred and forty-eight days in four patients seemed sufficient reason 
for considering it an ineffective dosage The great fiequency of toxic 
manifestations with from 0 978 to 162 Gm (from 15 to 25 grains) 
given daily in ten tiials was sufficient evidence for consideiing this dosage 
harmful The dosage of from 0489 to 0 815 Gm daily (from 7>^ to 
121^ grains) was accompanied by toxic manifestations in the same 
percentage as it produced satisfactory lowering of the blood pressure 
Moreover, two fatalities occurred in this gioup as a result of thiocyanate 
poisoning The highest percentage of effectiveness with the lowest inci- 
dence of toxicity was observed in those patients who leceived 0 326 Gm 
(5 grains) daily 

The data in table 7 indicate the relative excretion rate of thiocyanate 
in patients with essential hypertension and m patients with the hyper- 


Wh,L P D ’ TJ, ® S - S>lw. L s, and 

White P D The Clinical Use of Potassium Sulphocyanate in Hypertension 

New England J Med 201 709 (Oct 10) 1929 Borg, J F Use of Sulnho’ 

cyanates m Treatment of Hypertension, Minnesota Med 13 281 (May) 1930 
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tension of chronic diffuse glomerulonephritis Furthermore, when the 
same amount of thiocyanate was admmisteied in a single dose to a 
“normal” person and one with chronic diffuse glomerulonephritis, the 
“normal” person excreted an average dail)- amount twice as great as 
did the patient with nephritis It would seem from these observations 
that the ease with which thiocyanate is excreted bears a direct relation- 


Table 7 — A Comparison of the Excretion Rate of Thiocyanate in Essential Hyper- 
tension and Nephiitic Hypei tension'^ 


No 

Type of Hypertension 

Average 
Daily Dose, 
Gm 

Average 

Thiocyanate Excretion, 
Gm per 24 Hr 

1 

Nephritic 

0 978 

0 097 

2 

Nephritic 

1 004 

0 277 

S 

Nephritic 

0 052 

0 250 

4 

Essential 

0 978 

0 540 

5 

Essential 

0 915 

0 557 

1 

Normal 

1 143 (single dose) 0 088 

2 

Nephritic 

1 143 (single dose) 0 043 


* Chronic diffuse glomerulonephritis 


Table 8 — Excietion Time of Thiocyanate (Single Dose) 


Diagnosis 

One Dose, 

Gm 

Days Necessary for 
Complete Excretion 

Normal* 

0163 

6 

Normal 

0103 

4 

Normal 

0163 

4 

Normal 

0163 

4 

Normal 

0 326 

9 

Normal 

0 652 

11 

Normal 

1 143 

14 

Nephntist 

1 143 

22 


* No evidence of organic disease 
t Chronic diffuse glomerulonephritis 


Table 9 — Summary of Results of Treatment with Thiocyanate 




Blood 

Effectii eness 





Pressure 

m Lowering 


Deaths 


Number 

Lowered to or 

Blood 


Due to 


of 

Below 165/100, 

Pressure, 


Thiocyanate 


Trials 

Mm Hg 

per Cent 

Toxic 

Poisoning^ 

“Normal”* 

4 

4 

100 

0 

0 

Essential Inpertcnsion 

69 

20 

28 9 

13 

o 

Nephritic hvpertension 

5 

3 

60 

0 

0 

Hypertension, total 

74 

23 

31 

13 

2 


* In this group of persons vith “normal” blood pressure the fall after treatment vith 
thiocianate vas unequnocal and persistent for from ti\o to ten days 


ship to the functional integrity of the kidney Likewise, there appears 
to be a distinct lack of relationship between the average amount excreted 
per day and the average amount administered per day The slow excre- 
tion rate of thiocyanate in the presence of glomerulonephritis is 
reflected in the prolongation of its time for complete excretion as 





goldring-chasis-thiocyanate in hypertension 943 

compared with a “normal” person This is shown m table 8 The 
remaining data in this same table clearly indicate that the days necessary 
foi complete excretion of the drug aie roughly proportional to the total 
amount administered The observation that at least four days are neces- 
sary foi the complete excretion of a single dose as small as 0 163 Gm 
{ 2^2 giains), in persons with normal renal function, is sti iking evidence 
of the great ease with which thiocyanate accumulates in the body on 
continuous administration over a period of time 

Table 9 is a summary of the lesults of thiocyanate administration 
in the entire group studied The blood piessure was definitely and 
effectively lowered in 31 per cent of all hypei tensive cases observed 
The fall in blood pressure was almost invariably associated with 
improvement in subjective symptoms The highei peicentage of effec- 
tiveness m the group with glomerulonephritis has little significance in 
view of the small number observed The toxic and fatal cases noted 
in this table were fully discussed in a previous paper ^ 


COMMENT 


In recent years a numbei of substances have been advocated as useful 
m artificially lowering the blood piessure m hypertension ” Their 
effectiveness in this regard has not been geneially confirmed Thio- 
cyanate, on the other hand, has met with approval among a large number 
of independent investigators One fact seems true from our data 
thiocyanate will effectually lower blood piessure in one of about every 
three persons with hypertension Our percentage of effectiveness is 
lower than that observed by many other investigatoi s Almost 
invariably, a fall in blood pressuie was accompanied by subjective 
improvement However, subjective improvement occurred in many 
patients on thiocyanate therapy in whom no lowering of blood piessure 
occurred This led us to believe that such improvement was largely 
psychic Still, exclusive of toxic effects from the drug itself, no obvious 
harmful effects weie noted fioni persistent loweiing of a pieviously 
high blood piessure Whether or not haimful effects occuried that were 
not immediately obvious, we cannot say fiom the data available 

When it is thought that thiocyanate may be useful m a given patient, 
the dose should not exceed 0 362 Gm (5 giains) daily However, the 
unceitainty of its effect is evidenced by the fact that such daily dosage 


9 Macdonald, W J Extractives of Liver Possessing Blood Pressure Lower- 
ing Properties, Canad M A J 15.697, 1925 Barksdale, I S Studies on the 
Blood Pressure Lowering Principle m the Seed of the Watermelon (Cucurbita 
itrullus), Am J M Sc 171 111, 1926 Stieglitz, E J Bismuth Submtrate in 
the Treatment of Arterial Hypertension, J A A 95 842 (Nov 12) 1930 
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may be eftective in lowering blood pressure in as short a period as 
fourteen days or it may be necessary to continue it as long as seventy- 
eight days At the first indication of toxic efiect (fatigue, nausea or 
vomiting) 01 the first distinct fall in blood pressure, the drug should 
be discontinued When the blood pressure, having responded by a 
satisfactory fall, returns to its original high level, thiocyanate may be 
safely readministered only when ferric chloride added to the acidified 
urine indicates that the diug has been entirely excreted If the blood 
pressure does not show a satisfactory fall after 26 16 Gm (5 grains 
daily for eighty days) has been taken, our data indicate that with few 
exceptions it is useless to continue the treatment 

The foregoing scheme of dosage is purely arbitrary and based on a 
consideration of our entire senes as a group However, in considering 
individual patients, it must be concluded that there is no constant dosage 
at which either a toxic or a therapeutic effect may be anticipated Some 
of the inconstancies observed are illustrated b}'- the following observa- 
tions One patient who responded, by a fall in blood pressure, to 
0 326 Gm (5 grains) daily on three successive occasions failed subse- 
quently to respond to a lepetition of treatment with the same dosage 
over a similar period of time Another patient who responded, by a 
satisfactory fall in blood pressure, to 0 326 Gm (5 grains) given daily 
on two different occasions failed subsequently to respond to 0 652 Gm 
(10 grains) daily given over a comparable period of time A third 
patient who responded satisfactoiily after a total dose of 13 2 Gm (202 
grains) subsequently became seveiely toxic (hallucinations of sight and 
hearing, disorientation, etc ) on a total dose of 12 74 Gm (195 grains) 

It IS this uncertainty regarding piopei dosage, coupled with the fact 
that frequently there is slight if any difference between the amounts 
that produce therapeutic and toxic effects, that leads us to believe that 
thioc} anate will have a much restricted usefulness in clinical medicine 

SUMMARY 

Data are piesented on fifty patients subjected to seventy-four trials 
with thiocyanate therapy In foity-six of these patients the hyperten- 
sion was of essential type, and in the remaining four patients it was 
associated with chronic diffuse glomerulonephritis Forty-four trials 
were made in the outpatient clinic and thirty with the patients confined 
to the hospital 

Obsenations vere made on the daih excretion rate of thiocyanate 
m the urine and the number of days necessary for its complete elimina- 
tion after continuous medication and after a single dose in patients with 
essential hypertension and nephritic hvpertension and m normal persons 
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Toxic effects of thiocyanate were not observed in four patients with 
chronic diffuse glomerulonephritis, three of whom responded by a 
satisfactory fall m blood pressure 

Therapeutic, toxic or fatal effects could not be anticipated from the 
amount of the drug administered 

The dosage found to be most effective in lowering blood pressure and 
least often attended by toxic manifestations was 0 326 Gm (5 grains) 
given daily over a period of from fourteen to seventy-eight days 

Thiocyanate was 31 per cent effective in lowering blood pressure 
in this series 

Toxic manifestations occurred in thirteen patients, or 17 per cent 
of the total group studied 



CINCHOPHEN HEPATITIS 


AN EXPERIMENTAL STUDY 

HAROLD B MYERS, MD 

AND 

LOUIS GOODMAN, BA 

PORTLAND, ORE 

Numerous lepoits in the recent medical literature refer to evidences 
of severe ln''ei damage, not mfiequently resulting in death, in patients 
given cinchophen as the chief or sole therapeutic agent This drug, 
originally introduced m 1908 as a mobilizer of uiic acid and advocated 
for the relief of gout, has come to be commonly utilized as an analgesic, 
particulaily for the lelief of pain of iheumatic type The moie common 
use of this drug makes a further undei standing of its toxic action 
highly desirable 

A few leferences were made to toxic leactions, such as the tendency 
to cause urticaria oi digestive disturbances,’^ early m the use of this 
diug, but the possibility of serious consequences was not appreciated 
until recently Cabot,- in 1925, first reported a death with acute hepatic 
atrophy following the use of cinchophen A leport on “The Specific 
Character of Toxic Cirrhosis as Observed in Cinchophen Poisoning” ® 
has recently been given by Beaver and Robertson They presented a 
review of the literature and an analysis of the pathologic changes found 
in five patients who died following cinchophen therapy They found 
the changes m the liver to agree with the concept of a “toxic cirrhosis ” 

Cinchophen has been employed for several years as an aid in 
roentgen studies of the gallbladder due to an increased i ate of accumula- 
tion of opaque halogenated phthalems in the bile following the admin- 
istration of cinchophen Brugsch and Horsters * first called attention. 

Submitted for publication. Sept 25, 1931 

From the Laborator\ of Pharmacology, University of Oregon Medical School 

1 Herrick, W W A Scarlatmiform Rash from Atophan, JAMA 
61 1376 (Oct 11) 1913 Phillips, John Skin Rashes Following the Administra- 
tion of Atophan, ibid 61 1040 (Sept 27) 1913 

2 Cabot, R C , and Cabot, Hugh Case Records of the Massachusetts Gen- 
eral Hospital, Boston M & S J 192 1122, 1925 

3 Beaver, D C, and Robertson, H E The Specific Character of Toxic 
Cirrhosis as Observed in Cinchophen Poisoning, Am J Path 7 237 (May) 1931 

4 Brugsch, T , and Horsters, H Ueber die Leber als Ausscheidungsorgan 
und uber die Wirkung der Choleretika, insbesondere des Atophans, Med Klin 
20 661 (Ma^ 18) 1924 
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in 1924, to the mci eased secietion of bile following the use of the ethyl 
ester of paramethylpheiiyl cinchonmic acid Chabiol and Maximin,'^ 
utilizing animals with fistulas of the common duct, with the cystic duct 
tied off, reported a fivefold inciease in the secretion of bile following 
the injection of cmchophen The relative change m biliary constituents 
found following the injection of cmchophen, together with the marked 
increase in the flow of bile, might well be interpieted as evidencing an 
irritation of the hepatic parenchyma No other agent used m their study 
approached the cholagogue activity of cmchophen 

EXPERIMENTAL WORK 

An experimental study of the possible influence of cmchophen on the 
livei seemed highly desirable m view of the facts stated The icterus 
index of the serum and urobilinogen of the urine were detei mined m 
four dogs and eight rabbits These indicators of hepatic function gave 
values within the normal range m each instance A section of liver was 
then removed under morphine analgesia and local anesthesia m order to 
avoid any hepatic disturbance from systemic anesthesia These 
biopsy specimens were consideied coiitiol mateiial for the respec- 
tive animals Four rabbits and the four dogs were then given daily 
doses of cmchophen by mouth The drug was mixed with the food 
given the rabbits and was administered m enteric capsules to the 
dogs Thirty milligrams per kilogram of weight was considered in 
keeping with the therapeutic dose for man One dog was given the 
therapeutic dose , two were given twice this amount, and another 
leceived five times the therapeutic dose The rabbits were each given 
ten times the calculated therapeutic dose The drug was given to the 
dogs for seventeen days, while the rabbits received it for forty-five days 
Another section of liver was removed at the completion of the admin- 
istration of cmchophen, and additional sections were removed from the 
dogs following a period allowed for recovery Sections of the liver 
were removed from four rabbits kept under similar conditions but not 
given any drug, at the beginning and end of the experimental period, 
these sections serving as control checks on the sections from the experi- 
mental animals 

The department of pathology of the medical school prepared the 
sections of liver removed from all the animals Dr Warren C Hunter, 
assistant professor of pathology, expressed the following opinion con- 
cerning the histologic appearance of the sections 

The cytological alterations m the livers of both rabbits and dogs receiving 
different multiples of the therapeutic dose of cmchophen were identical in kind 

5 Chabrol, E , and Maximin, M Recherches experimentales sur les chola- 
gogues administres per voie veineuse, Presse med 37 666 (May 22) 1929 
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but varied somewhat m degree according to the amount of drug administered It 
would appear also that dogs are more susceptible to cmchophen than rabbits since 
the evidence of liver damage was approximately the same in rabbits that received 
larger amounts per kilogram weight for a period approximately three times as 
long as that in which the dogs received the drug 

When compared to the normal biopsy control section in individual cases, the 
following changes were detected in the liver for a variable distance about the 
central veins the cytoplasm of the hepatic cells had lost the normal finely reticular- 
granular structure and appeared as coarse, distinctly separated granules between 
which the delicate reticulum was lacking Although at times indistinct, the cell 
borders were still intact and there was no actual fragmentation or autolysis Fat 
stains gave negative results The nuclei exhibited constantly some degree of 
chromatolysis and rather commonly contained a single, prominent nucleolus, not 
often encountered m control material Mitotic activity was lacking 

The lesions in the liver sections removed from the dogs proved to be identical 
with those in the rabbits In the dogs allowed a recovery period after stopping 
the drug it was found that with one exception (dog no 2), the damage had been 
recovered from Ihe liver of dog no 2 still manifested evidence of liver injury 
but no cirrhotic changes were noted 

Dog 2 had received the largest dose of cmchophen, five times the 
calculated therapeutic amount, which might well account for the remain- 
ing evidence of liver damage approximately one month following 
cessation of the administration of cmchophen Glycogen stored m the 
liver has been shown to protect that organ against the toxic action of 
chloroform ® The relative resistance of the rabbits toward liver damage 
from cmchophen, as contrasted with that of dogs, might be explained 
on the basis of the relative carbohydrate content of their food 

In the majority of instances, negative results were obtained m test- 
ing for urobilinogen with undiluted urine , with urine diluted 50 per cent 
with water, the results were always negative The icterus index never 
gave values higher than 6 Readings were obtained by means of the 
DuBosc colorimeter or by the standard tube technic of Farahaugh and 
Medes ' We were surprised to find the urobilinogen test and icterus 
index giving no indication of the change found as a routine m the 
liver following the administration of cmchophen 

While this work was m progress, Churchill and Van Wagoner ® 
reported on an experimental study of acute cmchophen poisoning m 
dogs given large (twenty-seven times the calculated therapeutic dose) 
amounts of cmchophen Ulcers were found m the mucosa of the 

6 Graham, E A The Resistance of Pups to Late Chloroform Poisoning m 
Its Relation to Liver Glj’^cogen, J Exper Med 21 185, 1915 

7 Farahaugh, C C , and Medes, G A New Set of Potassium Bichromate 
Standards for Determination of the Icterus Index, J Lab & Clin Med 14 681, 
1928-1929 

8 Churchill, T P , and Van Wagoner, F H Cmchophen Poisoning, Proc. 
Soc Exper Biol & Med 28 581 (March) 1931 
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stomach and lesions in the liver, which varied from “small areas of 
coagulation necrosis” to “complete disappearance of liver cells in small 
areas ” The gastric and intestinal mucosa of the rabbits and of one 
dog, which were killed without waiting foi recovery observations, were 
found to be without evidence of ulceration or even inflammation The 
difference in the doses used m the tivo studies may well account for the 
piesence or absence of damage produced m the mucosa of the upper 
alimentary tract 

CONCLUSIONS 

1 Cinchophen apparently produces damage to the cells of the liver 
in dogs and rabbits following the administration of that drug by mouth 
for short periods of time 

2 The degree of liver damage varies directly with the dosage of 
cinchophen 

3 Dogs appear to be more susceptible to cinchophen toxicity than 
rabbits 

4 The icterus index and urobilinogen test do not indicate the extent 
of liver damage in the dog and rabbit that is evident on histologic 
examination 

5 The therapeutic employment of cinchophen does not seem 
justifiable in view of the evidences of its toxicity 



ABSORPTION OF COMPOUND SOLUTION OF IODINE 
FROM THE GASTRO-INTESTINAL TRACT 

WITH SPECIAL REFERENCE TO THE ABSORPTION OF FREE IODINE 
BERNARD N E COHN, MD 

PHILADELPHIA 

Although iodine had been used with beneficial results in isolated 
cases of exophthalmic goiter piior to 1923, the widespread use of com- 
pound solution of iodine, U S P , is the result of a paper by Plummer 
and Boothby ^ published in that year Since then compound solution 
of iodine has been used by nearly every clinician for treatment and in 
the pieoperative and postopeiative care of patients with this disease 
Plummer and Boothby ^ stated that they used liquor lodi compositus 
“because it is an aqueous solution of iodine (5 per cent) and potassium 
iodide (10 per cent) and therefore provides a large amount of iodide 
loosely combined with potassium ” 

It would appear that Plummer and Boothby ^ believed that since 
compound solution of iodine contains free iodine, a greater amount of 
iodine IS available for absorption than there would be if potassium 
iodide were used alone Although many papers on the clinical results 
of the administration of compound solution of iodine have accumulated, 
a careful survey of the literature has failed to reveal any experimental 
data on the absorption of this solution 

This study was originally begun to ascertain whether or not iodine in 
the form of compound solution of iodine was absorbed from the large 
bowel Its scope was subsequently widened so that studies have been 
made of the absorption of free iodine, of iodine m compound solution 
of iodine, of potassium iodide and potassium lodate from the large 
bowel of the dog Studies were then made of the absorption of free 
iodine, of iodine m compound solution of iodine and of iodide from the 
stomach and small intestine It was necessary to concern ourselves with 
the form in which iodine is absorbed from the gastro-intestmal tract 
and the rate of absorption when iodine in different forms is used 

Submitted for publication. Sept 12, 1931 

From the Laboratory of Research Surgery, University of Pennsylvania 
Aided by a grant from the Harriet M Frazier Fund for Research in Surgery 
1 Plummer, H S , and Boothby, W M The Value of lodin in Exophthal- 
mic Goiter, Collected Papers of the Mayo Clinic and the Mayo Foundation, 1923, 
\ol 15, p 565 
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METHOD 

Normal healthy dogs were used m all experiments Sodium iso-amyl-ethyl 
barbiturate (sodium amytal) was the anesthetic used m each instance, being admin- 
istered intraperitoneally in a dosage of 50 mg per kilogram of body weight Each 
experiment covered a period of two hours 

Isolation of the Colon — midline incision was made through the skin, fasciae 
and linea alba The ileocecal region was then isolated, and the ileum ligated as 
close to the cecum as possible with a heavy ligature The appendix was dissected 
free from its mesenteric attachment for a short distance and the tip cut off A 
Paul tube fitted on each end with a small piece of rubber tubing was then carefully 
inserted into the appendix, and care was taken that the tube extended into the 
colon The tube was made secure and watertight by double ligation with heavy 
ligatures A funnel was attached to the rubber tubing of the Paul tube, and the 
colon thoroughly cleansed with warm tap water until the water returned perfectly 
clear Two purse string sutures of strong linen thread were sewed around the 
anus, and then a Paul tube was inserted well into the rectum The purse strings 
were then tightened The colon was again rinsed in order to ascertain whether 
or not any water leaked around the rectal tube The colon was emptied by care- 
fully forcing air through it A clamp was then placed on the rubber tube attached 
to the rectal Paul tube, and the solution to be studied was allowed to run into the 
colon from the appendical tube at a pressure of not over 100 mm of water, until 
the colon was moderately distended A clamp was then placed on the rubber tube 
attached to the appendical Paul tube The wound was held together by two or 
more Alhs forceps to conserve the body heat 

At the end of two hours the clamps were removed, and the solution was drained 
off by the means of air forced through the colon The dog was killed immediately, 
and the entire colon, excluding the portion from the internal sphincter to the anus, 
was removed for the analysis of its iodine content by fusing the intestine with 
sodium hydroxide and sodium nitrate 

Isolation of the Small Intestine — The operation performed on the small intestine 
was similar to that on the colon The portion of the intestine selected for investi- 
gation was isolated, and a Paul tube was inserted in each end The bowel was 
cleansed as previously described, and the standard solution was introduced under 
similar precautions The jejunum and ileum were the portions studied The sec- 
tions used were later removed and fused as previously described 

Isolation of the Stomach — When the stomach was being studied, the procedure 
was to ligate the duodenum about 1 inch (2 5 cm ) from the pyloric sphincter An 
opening was then made in the duodenum, and the rubber was attached to a Paul 
tube inserted through the sphincter into the stomach Double ligatures held the 
tube firmly in place A stomach tube was inserted through the esophagus, which 
was then ligated at the cardiac orifice to the stomach After the stomach was 
thoroughly cleansed and emptied, the standard solution was introduced Care was 
taken not to overdistend the viscus On removing the solution to be studied, it 
was deemed sufficient to wash the stomach with approximately 1,000 cc of distilled 
water and analyze the washings rather than to fuse the organ and analyze the 
fused material 

The method employed for the determination of total iodine was that devised by 
Kendall, 2 with the exception of the slight modifications suggested by Kelly and 

2 Kendall, E C Determination of Iodine m Connection with Studies in 
Thyroid Activity, J Biol Chem 43 149, 1920 
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Husband ^ The sodium bisulphite was prepared by passing sulphur dioxide through 
a solution containing an excess of sodium bicarbonate Blanks were run at frequent 
intervals in order to determine that the reagents used were lodme-free The deter- 
mination of the amount of free iodine m the solutions introduced was accomplished 
bj" the addition of starch solution^ and titration with thiosulphate All determina- 
tions were made in triplicate 

The compound solution of iodine used in the experiments on the colon was 
freshly prepared after the method described in the “United States Pharmacopeia ” 
In all experiments m which this solution was used, 1 cc was diluted with 99 cc 
of distilled water 

The aqueous solution of free iodine was prepared by gently heating iodine 
crystals in distilled water until a deep brown color resulted The solution was then 
filtered In animal 864, the standard solution was made by triturating a small 
amount of potassium iodine with a large excess of crystalline iodine and a few 
drops of distilled water The paste thus formed was then diluted with distilled 
water and filtered 

Table 1 — AbsoipUon of a Diluted Compound Solution of Iodine from the Colon 


Solution Solution Intestinal Total 

Introduced Recovered Wall Iodine Lost 

» > , , A ^ ^ 


d 



bfi 


O 

£ 





6 


• 


CJ 

6 

o 


s 


i— 1 

M 

O 

Q 




c3 ta 

o 

cc 

o 

> 

o<i 

990 

119 

9 

no 

96 

1085 

116 

d 

140 

124 

1087 

12 7 

9 

182 

156 

1105 

11 7 

d 

204 

167 

1116 

13 8 

9 

176 

93 


Average 
Probable error 


CJ 

a? 

o 

O 

s 


a 

^ C3 


'5 

cl 

"O 

'O o 


o 


o 

t-H 

OQ 

HH 

go 

w 

2 a 

2 cs 

<s ^ 


o» 

rt be 

sx; a 

■300 

Ph 


f> 


t> 



79 

43 

81 

50 

41 

114 

66 

26 

75 

48 

94 

62 

88 

81 

49 

167 

111 

37 

39 

42 

97 

39 

79 


S 

0 

aS 

1 

to 

0 “ 

o3 

la 


C3 

v 

0 

i 

s 

M 

to 

3 

M 

S 

88 

35 

44 

49 

61 

53 

30 

26 

55 

44 

66 

34 

28 

92 

69 

52 

35 

18 

65 

S3 

64 

28 

22 

61 

55 





48 4 





±4 6 


In this study no attempt was made to make determinations of the iodine in the 
blood 

RESULTS 

Colon — ^Table 1 gives the results of five experiments in which a 
diluted compound solution of iodine was placed in the colon The 
absorption of iodine varied from 33 to 59 per cent, the average being 
48 4 it 4 6 per cent 

In these experiments I was unable, at any time, to elicit a blue color 
on the addition of starch solution to the fluid recovered from the colon 
at the completion of the expenment, this indicates that after a two- 
hour period in the colon no free iodine was present The free iodine 
might have formed some chemical combination or have been adsorbed 

3 Kelly, F C, and Husband, A D Method of Estimating Minute Quan- 
tities of lodm m Biological Material, Biochem J 18 951, 1924 

4 Treadwell, F P , and Hall, W T Quantitative Analysis, New York, John 
Wiley &. Sons, Inc, 1924, vol 2, p 557 
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to protein, mucus or fat In order to asceitain what became of the 
free iodine present m the diluted compound solution of iodine, a new 
series of experiments was performed 

If the free iodine were adsorbed to the fat, mucus or proteins of 
the intestinal tract, a pink color would have been obtained when some 
of the recovered solution was thoroughly shaken with chlorofoim or a 
blue color when starch was added This was tried, but the results were 
negative 

In the second group of experiments (table 2, group 1), solutions 
containing from 98 to 100 per cent of free iodine were introduced into 


Table 2 — Evpenments Made to Asceitain What Becomes of Fiee Iodine Piesent 
in Diluted Compound Solution of Iodine 
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the colon Tests for starch and chlorofoim were performed, with 
negative results foi the recovered solutions, indicating that the free 
iodine had been changed 

The addition of sufficient dilute hydrochloric acid to bring a solution, 
containing iodine and lodate, to a />h of about 6 4, with starch as an 
indicator, will give a blue coloi I have been successful in only a few 
instances in obtaining positive tests for the presence of both lodate and 
iodide in the recovered solutions The addition of lodate and dilute 
hydrochloric acid to the recovered solutions, whether diluted compound 
solution of iodine or an aqueous solution of free iodine had been used, 
elicited a blue color with a starch indicator This indicated that iodide 
W'as present 
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In table 2 (group 2) are given the results of the absorption of a 
solution of potassium iodide from the colon, the concentration of iodine 
being approximately the same as that of the free iodine in the experi- 
ments in which a diluted compound solution of iodine was used It will 
be noted that the absorption of iodine, in the form of potassium iodide, 
was higher than that found when diluted compound solution of iodine 
or an aqueous solution of iodine was used However, there were con- 
siderable variations in the percentile absorption in the individual 
experiments 

One experiment (group 3, table 2) was performed with a solution of 
potassium lodate that had an iodine concentration approximately the 
same as that used in our other experiments, in order to ascertain the 
rate of absorption and to determine whether or not the lodate was 
reduced to the iodide The absorption of iodine was 32 per cent The 
addition of starch and dilute hydrochloric acid to the original solution 
failed to produce a blue color, but the addition of these substances to 


Table 3 — lodme Content of Noimal Intestinal Wall Conti ol Evpeiiments 



Weight, Gm 

length, Cm 

Total Iodine Content 

Colon 

58 09 

SO 00 

0 81 

Colon 

51 3S 

28 75 

0 45 

Small intestine 

78 00 

87 50 

010 

Small intestine 

90 00 

150 00 

019 


the recovered solution produced a blue coloi This indicated that iodide 
was now present 

Similar experiments with the exception of the one performed with 
lodate solution were carried out on the ileum, jejunum and stomach 
The lesults will be presented in the order of the viscus named 

Ileum — Group 4, table 2, gives the results of two experiments m 
wdiich a dilute compound solution of iodine was introduced into the 
ileum The absorption was 65 to 73 per cent Tests for free iodine m 
the lecovered solution w^ere negative When an aqueous solution of free 
iodine w'as placed in the ileum (group 5), the absorption was 62 to 
77 per cent, and with potassium iodide alone (group 6), from 74 to 
80 per cent 

Jejunum — The results of the absorption from the jejunum of 
diluted compound solution of iodine, an aqueous solution of iodine and 
a solution of potassium iodide are given in table 2, groups 7 to 9 The 
figures obtained in the individual experiments indicate that the amount 
of iodine absorbed from these solutions is practically the same 

Stomach — A series of seven experiments was performed on the 
stomach These experiments were more difficult to control from the 
standpoint of complete emptying of the gastric w^ashings The con- 
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version of free iodine into iodide and lodate does not take place in an 
acid medium The repeated ivashing of the stomach reduces the amount 
of acid in the later washings to a minimum, and under such conditions 
it has been found that fiee iodine can be changed to iodide In this 
type of preparation, 18 per cent of the solution of free iodine in water 
was absorbed, 27 per cent of iodine was absorbed fiom a diluted com- 
pound solution of iodine and 31 per cent of the iodine from a solution 
of potassium iodide In every instance the recovered solutions gave 
negative reactions foi free iodine, but positive tests for iodide 

lodwc Content of Nominal Intestine — ^Two normal colons and two 
portions of normal intestine were individually fused and their iodine 
content analyzed by Kendall’s method - This was done to serve as a 
control for other experiments The total iodine content in milligrams 
for the normal colon (average 0 38) and normal small intestine 
(average 0 14), table 3, was so small as to be considered negligible, in 
comparison with the final results in our experiments 

Time Reqmied for the Conversion of Free Iodine Into Iodide — 
That not more than two hours are required for the complete conversion 
of free iodine, m the concentrations used in these expeiiments, was 
indicated by the fact that negative reactions for starch and chloroform 
were obtained in each instance on the solutions recovered from the 
gastro-mtestmal tract It was thought that it would be interesting to 
ascertain the minimum time required for the reaction to be completed. 
When an aqueous solution of free iodine was introduced into 200 cm 
of small intestine, piepared in the usual manner, I was unable to 
elicit a blue color with starch four minutes after the solution had been 
introduced The addition of dilute hydrochloric acid and staich gave 
a blue color indicating the presence of both iodide and lodate 

COMMFNT 

The data obtained from these experiments indicate that free iodine, 
when introduced into the gastro-mtestmal tract, is converted into iodide 
We attribute this phenomenon to an inorganic reaction 

Free iodine will combine with sodium bicarbonate m vitro as follows 
6 NaHC 03 + 3T =- 5NaI -f NaI 03 + 6CO, + 3H,0 This reaction 
can be made to take place at will, by passing iodine vapoi through a 
satuiated solution of sodium bicarbonate Before the solution is tested 
with dilute Itydiochloric acid and starch for the presence of iodide and 
lodate, the free iodine must be entirely driven off by boiling That this 

leaction takes place m the range of alkalinity present in the intestinal 
tract seems evident 

Our expeinnental data indicate that free iodine is converted into 
iodide ivhen instilled into the gastro-mtestmal tract If this is true 
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the administration of potassium iodide in the treatment for exophthalmic 
goiter should be of the same value as compound solution of iodine 
Neisser,® Loewy and Zondek ® and recently Lerman and Means ■ have 
shown that potassium iodide is as efficacious as compound solution of 
iodine in controlling the basal rate in hyperthyroidism Lerman and 
Means " suggested that “potassium iodide solution is preferable to 
Lugobs solution being equally effective and less offensive to 

tal<e ” Judging from these authors’ clinical data and the experimental 
data on which this papei is based, I am in full accord with such a 
statement 

As previously stated, Plummer and Boothby ^ used compound solu- 
tion of iodine, because it “provides a large amount of iodine loosely 
combined with potassium,” assuming that more iodine would be pres- 
ent for absorption The studies here reported do not bear out this 
assumption 

CONCLUSION 

Studies on the rate of absorption of free iodine m aqueous solution, 
of a diluted compound solution of iodine and of potassium iodide and 
potassium lodate from the gastro-intestmal tract of the dog are reported 
These studies show that the iodine is converted to iodide befoie it is 
absorbed If these studies are applicable to the human being, they 
would seem to refute the assertion that compound solution of iodine 
is more beneficial than potassium or sodium iodide in controlling the 
high basal metabolism of exophthalmic goiter, since when compound 
solution of iodine is used, the percentage of iodine absorption is no 
greater than when potassium or sodium iodide is administered 

Dr C G Johnston and Dr I S Ravdm gave assistance and advice in this 
study 


5 Neisser, E Ueber Jodbehandlung bei Thyreotovikose, Berl khn Wchn- 
schr 57 461, 1920 

6 Loe^\" 3 % A , and Zondek, H Morbus Basedowii und Jodtheropie, Deutsche 
med Wchnschr 47 1387, 1921 

7 Lerman, J , and Means, J H lodin in Evophthaimic Goiter A Com- 
parison of the Effect of Ethyl lodid and Potassium lodid with that of Lugol’s 
Solution, Am J M Sc 181 745, 1931 



IMMUNITY TO TUBERCULOSIS 

relation or CUTANEOUS ALLERGY AND RESISTANCE TO TUBERCULOUS 
INFECTION FOLLOWING VACCINATION WITH BCG 

JOHANNES HEIMBECK, M D 

OSLO, NORWAY 

My observations ^ that student nurses with positive reactions to the 
Pirquet test present greater resistance to tubeiculous infection than 
those whose reaction is negative, suggest the importance of cutaneous 
allergy in relation to immunity in tuberculosis I have also demonstrated 
that the subcutaneous or intracutaneous injection of B C G vaccine, in 
nuises presenting negative reactions to the test, is able to pioduce a 
positive reaction within a certain time On this account I was led to 
believe that vaccination with BCG exercises a protective influence 
against tubeiculous infection These conclusions made in 1926 are 
the basis for the decision to vaccinate subcutaneously with BCG the 
student nurses m the Oslo Kommunale Sykehus who enter on their 
course with negative reactions to the Pirquet test This method of 
vaccination has been followed systematically in this hospital since 
January, 1927 

Among the approximately 120 student nurses admitted annually to 
this hospital, nearly 50 per cent give negative reactions to the Pirquet 
test During the three year course of instruction the nurses are thor- 
oughly exposed to tuberculous infection in caring from time to time 
for from 300 to 400 tuberculous patients This fact has been adequately 
stressed in ni} pi evious publications ^ 

The conditions for intimate observation and study of the genera] 
health of these student nurses are ideal Since tuberculous infection 
most often manifests its erentual malignant course for a short time after 
the infection, there is no^^ sufficient reason to analyze carefully the 
direct results of vaccination during the past five years What conclusions 
can be diawn from these experiences^ 

In table 1 is summarized the incidence of tuberculous diseases among 
he persons vaccinated with BCG strain and those not vaccinated up to 

Submitted for publication, Oct 30, 1931 
From the Medical Division, Ulleval Kommunale, Sykehus 
I Heimbcck, T Om tuberkuloseresistens, Norsk mag f Isgevidensk 88 
457, 1927 Cutireaction de Pirquet apres la vaccination par BCG, Presse med 
38:1070, 1927, Immunity to Tuberculosis Arch Int Med 41.336 (March) 1928 
Tuberkulose Infektion und Tuberkulose Vakzmation, Ztschr f Tuberk 52 378 
1928, Tuberculous Infection, Arch Int Med 47 901 (June) 1931 
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July 31, 1931 It IS observed that the Pirquet reaction and immunity 
against tuberculous infection are reciprocal!}'- related Thus there were 
among 454 peisons with positive reactions to the Pirquet test twelve 
cases of tuberculosis, or 2 6 per cent, while among 253 subjects with 
negative reactions there weie seventy-five cases of tuberculosis, or 29 6 
per cent The annual curves have been uniform with these figures 

It IS evident, however, that the results for each year have not been 
uniform among the vaccinated persons These subjects seem to fall into 

Table 1 — Relation of Cutaneous Alleigy and the Incidence of Tubei cidoiis Infec- 
tion Among Student Nuises Dining Then Hospital Seivice 
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Summary Positive Pirquet tests 454 tuberculosis 12 (2 6 per cent) 
Negative Pirquet tests 253, tuberculosis 75 (29 6 per cent) 
Vaccinated with BCG 207, tuberculosis 20 (9 6 per cent) 


two groups First, those vaccinated during the years 1927, 1928 and 
1929, and second, those vaccinated during 1930 and 1931 In the first 
group, SIX cases of tuberculosis occurred among 137 vaccinated persons 
The period of observation extended from two years to four years and 
a half In the second group, there ■w'^ere fourteen cases of tuberculosis 
among seienty vaccinated persons, the longest period of observation 
being one year and a half These results require a closer scrutiny in 
order to evaluate the effects of vaccination and of other attendant cir- 
cumstances 

I have previously called attention to the great variableness in local 
and allergic reactions following vaccination wnth BCG While in cer- 
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tain persons local reactions develop at the site of inoculation, otheis 
fail to react, and in some the reaction to the Pirquet test becomes posi- 
tue following vaccination, while in otheis it remains negative These 
vaiiable icsults aie shown in table 2 

A total of 207 vaccinations have been made Forty of these must . 
be eliminated (gioups 7 and 8) fiom the final appraisal because of 
inadequate controls, and the last thiee, peifoimed on July 10, 1931, must 
also be eliminated because the general incubation time for BCG has 
not yet expired at the time of this report This leaves 164 vaccinations 
for consideration in the present study When the subjects are grouped 
accoiding to their reactions to the Pirquet test following vaccination and 

TABin 2 — Local and Allcigtc ReacUons Follozvtng Vaccination zvith BCG 


Grouping of Reactions 

K 



r 




-A- 


— ^ 




Vaccinations P+,* Inf 

P+, 

p+ 

P+ 

P— 

P — for 

Not Con 



t 

^ 

2 Mm 

Inf 

and 

and 

and 

6 Months 

trolled 

Course 



Num- 

or 

Under 

Local 

Local 

Local 

or Until 

Pirst 

Discon 


Tear 

ber 

More 

2 Mm 

Inf 

Abscess 

Inf 

Infection 6 Months 

tinued 

III 



1 

2 

3 

4 

5 

6 

7 

8 


1927 

45 

28 

C 

S 

2 


1 

4 

1 






1 






1 

1928 

40 

12 

G 

G 


2 

10 

2 

2 





1 




1 

1 


3 

1929 

52 

11 

O 

o 

5 

2 

IJ 

2 

24 

4 





1 




1 



2 

1930 

43 

5 



1 


36 


1 









10§ 



10 

1921 

27t 

1 

1 

1 

11 

3{ 

5 


2 








1 

3 



4 


* In this and the folloning tabic, P+ represents positive Pirquet reaction, P— , negative 
Pirquet reaction, Inf indicates infiltration 

t The last three vaccinated persons (July 10, 1931) are not included 
J Infiltration not larger than a pea 
§ One of these subjects died of tuberculous meningitis 


before they were exposed to tuberculous patients, the following results 
are obtained In 104 persons the Pirquet test became positive (groups 
1, 2, 3 and 4) and m sixty peisons the reaction remained negative 
(groups 5 and 6) Among the 104 subjects with positive leactions to 
the Piiquet test, tuberculosis developed in three or 3 per cent, while 
among the sixty with negative leactions, tuberculosis developed in six- 
teen, 01 26 6 per cent These results are not surprising according to 
the piesent interpretation of the Piiquet reaction This criterion 
furnished the chief leason for the systematic vaccination with BCG 
of persons with negative leactions to the Pirquet test, since it appeared 
that these persons are exquisitely susceptible to tuberculous infection 
bubsequently, the couise adopted by my associates and me has been 
to produce a positn e reaction to the Pirquet test by means of die 
subcutaneous injection of the BCG vaccine 



960 


ARCHIVES OF INTERNAL MEDICINE 


The significance of the Piiquet test is further enhanced when the 
persons with doubtful leactions (group 2) who present an area of 
inhibition measuring less than 2 mm in diameter are eliminated Among 
these subjects with doubtful leactions sixteen persons are listed, and 
in two of these tuberculosis developed This group is sharply sepa- 
rated from the groups 1, 3 and 4, which present distinct reactions to 
the Pirquet test, in ivhich the area of infiltiation is in excess of 2 mm 
111 diameter Only a single case of tuberculosis occurred among the 
eighty-eight persons with distinctly positive reactions to the Pirquet 
test So group 2 stands between the positive and the negative groups 
(groups 5 and 6) which presented sixteen cases of tuberculosis among 
sixty persons 

It IS quite apparent, therefore, that it is the vaccination with BCG, 
that elicits the positive reactions to the Pirquet test which really pro- 
duces an effective resistance against tuberculous infection Should 
cutaneous allergy fail to be developed following the vaccination with 
BCG there is good reason to conclude that no effective vaccination 
has been produced against tuberculous infection The many divergent 
results reported following vaccination with BCG must be attributed to 
the failure of the vaccine to call forth cutaneous allergy While certain 
persons have become allergized and immunized following vaccination 
V ith B C G, in others it has not been effective And since only occasional 
studies have been made of the reaction to tuberculin of persons vacci- 
nated with BCG, one is not m a position to know positively the 
allergizing effect of the vaccination, that is, the number of persons 
successfully vaccinated 

Table 2 shows clearly the variableness of the local and allergic mani- 
festations following vaccination wuth BCG Certain injections elicit 
local abscess and alleig) , others produce no reactions, while still others 
lesult in mtermediarj manifestations 

During the ) ear 1927, a dose of 0 05 mg of B C G was administered 
to each of forty-five persons Ten had local reactions, of which two 
were abscesses, while thiity-five showed no local reaction, m one the 
reaction remained entirel} negative, locally and allergically, following 
vaccination 

These variations ma} be conditioned by two factors (1) the person 
treated wnth BCG and (2) the injected vaccine The ability to react to 
BCG vaccine must doubtless show^ wide variations Although they are 
treated on the same day and with the identical bacterial emulsion and 
dosage the effects are most ^arlable in a group of persons For 
example, on Jan 11, 1928, nineteen student nurses wnth negative reac- 
tions to the Pirquet test were vaccinated with 0 05 mg of B C G One 
of these nurses w^as eliminated because of lack of control In the 
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remainnig group of eighteen, local uifiltiatiou developed in five, while 
in the other thirteen the reaction remained negative locally When tested 
witli tuberculin, ten gave positive reactions to the Pirquet test follow- 
mg vaccination (table 3, gioups 1 2 and 3), and in eight the Pirquet 
test remained negative (groups 5 and 6) Similar variations have been 
repeatedly observed and seem quite natuial 

Concerning the second factor, the vaccine employed, a certain 
variableness is encouiiteied heie also, which is best illustrated by the 
following obseivations (table 3) On Feb 25 and 28, 1927, five 
student nurses were given injections of 0 05 mg One subject should 
be eliminated because of lack of contiol In the remaining four the 
Pirquet test became positive, and m one an abscess developed locally 
On July 14, of the same year, twenty-one student nurses leceived the 

Table 3 — The Vanahihty of Ihe Effectiveness of Vaccination with BCG 
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same dose (0 05 mg ) of BCG Foui of these should be eliminated 
Among the remaining seventeen nuises vaccinated a local infiltration 
developed in one, the Pirquet test became positive in fifteen and there 
was a doubtful leaction to tuberculin in one, and in one the reaction to 
the Pirquet test remained negative The eftectiveness of these two 
vaccinations was accordingly practically uniform But the results of 
the vaccination on Jan 11, 1928, weie not so, as was mentioned Among 
the nineteen nurses vaccinated local infiltration developed in five, but 
still the reaction remained negative m eight, and m two the reaction 
to the Piiquet test was doubtful On June 14, 1929, the vaccine was 
again more effective On that day only 0 025 mg of B C G was injected 
into ten student nurses In five local infiltiation developed, in one case 
a local abscess , m seven the reaction to the Pirquet test became positive, 

while two reactions were doubtful (group 2), and only one remained 
negative 

A comparison of the results compiled during the entire year of 1929 
with those obtained for 1930 also discloses a marked variability m the 



962 


ARCHIVES OF INTERNAL MEDICINE 


effects of vaccination with BCG Fifty-two persons were vaccinated 
during 1929 , fifty of these received 0 025 mg and two received 0 03 mg 
of B C G Table 2 shows that among the twenty-four who were ade- 
quately controlled, m eighteen the Pirquet test became positive, in seven 
local reactions developed, and in two tuberculosis dei^eloped as a result 
of a later infection During 1930, forty-three persons were vaccinated 
Of these, twenty-eight received 0 03 mg , fourteen received 0 025 mg 
and one was given 0 04 mg — ^m general, greater doses than in 1929 
But among the forty-two persons vaccinated who were exactly con- 
trolled, in only one did a local reaction (an abscess) develop, and in 
only SIX did the Pirquet test become positive, while in thirty-six it 
remained negative In ten members of this group tubeiculosis devel- 
oped when the nurses later were exposed to infection 

The BCG vaccine employed in these different groups appears, 
therefore, to yield a variable local and allergic effect These different 
effects of the BCG vaccinations are remarkable 

It IS possible that the age of the BCG vaccine may play an important 
role This seems to be suggested in the following observation On 
June 11, 1930, ten student nurses were given injections of 0 03 mg of 
BCG Since this culture had grown poorly, it became necessary to 
leave it m an incubator for forty-five days before sufficient growth 
had taken place for it to be used as a vaccine Among the ten nurses 
vaccinated with this lot, none showed local irritation, and in all of them 
the Pirquet test remained negative as before vaccination In five of these 
persons tuberculosis has since developed The vaccine seems, there- 
fore, to have failed to produce any immunizing effect It is only in this 
instance that the age or dysgonic property of the BCG strain seems 
to have been responsible for its ineffectiveness as a vaccine The 
production of vaccine has otherwise always been according to the direc- 
tions of Calmette But the possibility of uncontrollable vanations in 
the mediums employed for the cultivation of B C G and in the produc- 
tion of the vaccine must also be taken into consideration Whatever 
IS the real explanation of these divergent results, one thing is certain, 
namely, that the BCG vaccine is not constant m eliciting local and 
allergic effects The BCG virus cannot be considered as a fixed virus in 
an absolute sense, i e , also m its immunizing properties, although the 
strain remains avirulent It is imperative that the strain should produce 
cutaneous allergy m order to insure against tuberculous infection A 
positive reaction to the Pirquet test, or similar tuberculin tests, should 
be elicited following subcutaneous vaccination with BCG This lemains 
a potent criterion of the fact that the vaccinated person is immunized 
against tuberculous infection 



HEIM BECK— IMMUNITY TO TUBERCULOSIS 


963 


CONCLUSIONS 

The susceptjbhit} to tuberculous infection among student nurses 
with negative reactions to the Pirquet test who are exposed to tubercu- 
lous patients is excessively high (29 6 per cent), in contrast with a 
relatively high resistance to tuberculous infection among student nurses 
with a positive reaction to the Pirquet test (2 6 per cent) 

Subcutaneous injection of the BCG vaccine is capable of converting 
a negative reaction to the Pirquet test to a positive reaction, with subse- 
quent marked increase in resistance to tuberculous infection 

The absence of a positive reaction to the Pirquet test following 
vaccination with BCG must be considered as an indication of inade- 
quate vaccination and of the fact that the vaccinated person’s liability to 
tuberculous infection has remained practically unaltered, and revacci- 
nation should be done 



PROLONGED USE OF MASSIVE DOSES OF UREA 
IN CARDIAC DROPSY 


H R MILLER, MD 

AND 

A FELDMAN, M D f 

NEW YORK 

This leport presents some of our results of the prolonged use of 
large amounts of urea in cases of cardiac dropsy We shall emphasize, 
among other matters, chiefly three points , flrst, that the diui etic proper- 
ties of this drug do not weaken during months and several years of 
practically unmteri upted use, second, that there follow no demonstiable 
deleteiious effects on the patient, moie specificall}', the renal structures 
remain unaltered and their function unimpaired, and third, that urea 
acts, alone or in combination with other agents, in selected cases, as ah 
excellent prophylactic m preventing the reaccumulation of edema Of 
the many patients m our waids who were subjected to tieatment with 
t^/«i, we are reporting at this time the cases of five m full These cases 
will illustrate the methods and lesults 

METHODS 

Nearly all the patients in this study have been at the Montefiore 
Hospital for many months or several yeais, some have had several 
pievious admissions The majority, on admission, presented signs of 
advanced congestive heart failure with marked anasarca, they suffered 
fiom either chionic rheumatic or arteiiosclerotic and hypertensive car- 
diac disease, but all but one were free from renal complications 

The t>pe of diet given the patients varied Some took the regular 
house diet, containing at least from 5 to 6 Cm of sodium chloride per 
day, otheis took a salt-poor diet, containing about 2 or 3 Cm of 
sodium chloride The patients lived sometimes on one and sometimes 
on the other diet over various periods Several received, m addition, 
digitalis, mersalyl or other diurectics These details aie noted else- 
where 

As a rule, except during the first few days immediately after admis- 
sion, no attempts were made to limit the intake of fluid There is no 

Submitted for publication, Sept 23, 1931 

From the Medical Division of Montefiore Hospital, Dr B S Oppenheimer, 
Director 


t Stroock Fellow for 1930 
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doubt that laige doses of urea gieatl} increase the patient’s thirst, and 
he proceeds to drink much laigei ^olumes of watei It proved, how- 
ever, iinpi acticable to limit the patients’ intake of watei in a large ward 
service, liecause sui i eptitiousl} the) drink w^atei copiously More reli 
able guides to the patient s progress with regard to loss or gam rn edema 
w'^eie first and most importairt, his body w''eight, wdrich was pai ticularl) 
valuable since the caloric intake was ample (at least 2,000 calories per 
day) to pi event a loss in flesh, and second, the measurement of the daily 
urinary output,^ wdiich w'as not ahvays accurate, as already mentioned, 
but which was valuable, nevertheless, as a reflection of how' the normal 
channels of excretion were working 

The doses of urea varied between 10 and 25 Gm , tw^o or three times 
a day in 40 per cent w^atei solution Whenever possible, at the begin- 
ning of treatment the patients received about 18 Gm three times a day 
It was seldom necessary to give more than this amount, although m 
some cases as much as 27 Gm three times a day was administered 
After satisfactory diuresis, the drug was gradually reduced, the patients 
receiving 15 or even 12 Gm three times a day, and in some instances 
the patient remained on a 12 Gm dose twice daily, especially when the 
drug was employed to function as a “chronic” prophylactic measure to 
prevent the i eaccumulation of edema 

As a general rule, the patients took the diug without i emonstrance, 
although Its taste is veiy unpleasant We admimsteied it as a 40 per 
cent “ aqueous solution, adding no sugar In private practice we have 
added the juice of a piessed lemon, or else we have used as a vehicle 
from 100 to 200 cc of beer or uncooked tomato juice Recently we 
have tried using fresh pineapple juice or raspberry syrup, mixing from 
50 to 90 cc of syrup with an equal quantity of water as a diluent for 
each single dose of urea The syrups seems to be agreeable vehicles 
There w^ere seldom any untoward effects, such as nausea, heart burn 


1 There are, of course, important factors m the total loss of fluid, as exempli- 
fied by the extrarenal output of water, such as "insensible perspiration,” but these 
were not studied by us For references see Veil, W H Deutsches Arch f klin 
Med 119 376, 1916 Benedict, F G , and Root, H F Insensible Perspiration 
Its Relation to Human Ph 3 sioIng 3 and PathoJog 3 % Arch Int Med 38 1 fjulv) 
1926 


2 Onl}’' recentlv'’ our attention was directed to the fact that patients in the 
hospital were receiving- their urea in a 40 per cent solution and not in a 50 per 
cent solution as charted This raised the doubt in our minds that, perhaps, the 
doses taken by the patients studied in this report may have been actually one-fifth 
less than we had believed Although we think that our patients may have taken 
the full amounts, for example, from 70 to 80 Gm daily, we deemed it more accurate 
and safer to base our results on a corrected calculation Accordingly, all fio-ures 
noted in the text represent four fifths of the amount charted in the history records 
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or other gastric s}mptoms We tried pioducing a chocolate or gelatin 
co\ered tablet, but ■without success, because urea cannot be concentiated 
into tablets of small bulk for adequate dosage 

REPORT OF CASES 

Case 1 — R Z , a ^Yoman, was admitted to the Montefiore Hospital six times, 
from 1923 to 1927, suffering from chronic rheumatic cardiovalvular disease On 
Jan 8, 1929, at the time of her last admission, she was 28 years old, she again 
showed congestive failure, auricular flutter and partial heart block, which changed 
to auricular fibrillation (she was taking digitalis) Toward the end of August 
of that year she grew worse, although she rvas receiving a maintenance dose of 
digitalis almost daily, on November 3, the therapy was supplemented with urea, 
from 24 to 36 Gm daily From September 1 until November 1 her weight was 
practically unchanged (from 133j4 to 135 pounds [60 5 to 61 2 Kg ] ) When she 
w'as given urea, howeier, for the next fort 3 '’-five dajs, the w'eight fell to 122j4 


Table 1 — Ticatmcnt and Results in Case 1 
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50 
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57 

to April 1 

125 

Digitalis 

30 (occas 50) 


S2 

to June 22 

121 

Digitalis 

50 


70 

to Aug 31 

114 to 11734 

Digitalis 


pounds (55 5 Kg ) and the clinical condition improved The dose of urea was 
raised to 56 Gm through the next forty-six daj’-s, the -weight touching 120 pounds 
(54 4 Kg) The followung fifty-seven davs the patient took no urea, but she 
remained restored in cardiac efficiency and her weight did not rise above 125 pounds 
(56 7 Kg) The next eighty-two dajs she took mostlv 36 Gm a day, the weight 
was 121 pounds (54 9 Kg) The final se\ent 3 ^ da\s of this record she took 56 
Gm a day, and her weight fell to between 114 and 117j4 pounds (517 and 
53 3 Kg ) 

This case demonstrates that digitalis alone was not able to restore the patient’s 
cardiac efficiencv and rid her of her signs of congestive failure, but that when urea, 
m doses of from 24 to 36 Gm a day, was added, the desired result w'as achieved 
Urea seemed \er 3 " helpful m this case, although its administration was irregular 
because the patient refused the drug on several occasions A point worthy of 
emphasis is that she finallv required no other diuretics Her renal function w'as 
good She had an output of about 5 67 mg of sodium chloride daib^ The figures 
for the blood urea nitrogen were 24 2 mg per hundred cubic centimeters on Aug 
5 1930, after urea had been w'lthheld for the ten preceding days, and from 36 8 to 
49 mg, wdiile patient w'as recening urea, thirteen and one-half months, and there 
was no disturbance m the urman concentration pow'er She remained edema-free, 
although her cardiac reser^e was \er 3 " poor She finalb^ died of congestne heart 
failure, on Juh 1, 1931 
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Casl 2— H R, a man, aged 56, came to the Montefiore Hospital on Dec 28, 
1928 The diagnosis was degeneratue cardio\ascular disease, auricular fibrillation 
,md congestive heart failure He received digitalis practically daily until Hay 11, 
one hundred and twenty-eight days, during the initial nineteen days^of whici 
he took 56 Gm of urea, his weight fell from 165J4 to 148j4 pounds (/5 to 67 6 
Kg ) The following twenty days, with 36 Gm a day, the weight went still lower 
(134J4 pounds [61 Kg]) , this figure was maintained over the next twenty-three 
daj s, with 56 Gm daily Urea was withheld for the next thirty-five days, and the 
weight rose to 14VA pounds (62 Kg) and then dropped slightly (138i4 pounds 
[62 8 Kg ] ) with 56 Gm daily until thirty-one days later, wdien the patient was 
discharged (May 11, 1929) 

The patient returned the following year, on March 11, 1930, and again showed 
extreme heart failure with anasarca This time he received no digitalis His 
weight was 146 pounds (66 2 Kg) on admission During the first one hundred 
and fifty-six days he received 36 Gm of urea daily and no mersalyl His weight 


Tabif 2 — Ticatment and Results in Case 2 


Paih Admission 


(iin o£ 

\\ Cltllt, 





Weight, 





Urea 

Pounds 

Davs on Urea 


Pounds 

Digitalis 

Mcrsalj j 

Comment 

SG 

IGG’A 

10 

1020 

Jan 

3 to Jan 22 

148% 

2 4 ec dailj 




SG 


20 



to Peb 11 

lip's 

2 4 ce daily 



Improv ed 

5G 


2'? 



to Jlar C 

134‘4 

2 4cc daily 



Feb 21 

0 


O') 



to Apr 10 

141% 

2 4 cc daih 




'() 


U 



to May 11 

138% 

2 4 cc daily 




CG 

IJG 

loO 

1030 

3Inr 

11 to Aur 14 

137 

0 



In July no 

0 


S4 



to Aov G 

143 

0 

Aov 

7, 2cc 

congestive 

SO 


51 



to Dec 27 

135 

0 

Dec 

13, 2 cc 

signs 







to 140 





30 

141 

IJ 

1031 Jan 1 to Jan 13 

142 

0 




0 


0 



to Jan 22 


0 

Jan 

21 , 2 cc 


oG 


0 



to Pel) 1 


0 




0 


17 



to Peb 17 

1")2 

0 




<> 


11 



to Feb 2S 

142 

0 





soon reached and remained at about 137 pounds (621 Kg), and very early he 
exhibited marked clinical improvement, which he maintained The following eighty- 
four dais he took no urea, his weight stajed at about 143 pounds (64 9 Kg), and 
he required but one injection of mcrsaljl The final fifty-one days of this period 
he received 56 Gm of urea daily and but one injection of mersaljd, and the weight 
varied from 135 to 140 pounds (612 to 63 5 Kg) On December 27, he vtas 
discharged very much restored m cardiac efficiency and edema-free This period, 
as well as the next period, represents a contrast interval wherein the patient took 
no digitalis, and urea was the mainstay of treatment 

Beginning Jan 31, 1931, for thirteen days, the patient was given 36 Gm of 
urea Tlie following nine days urea was withheld, but he received 2 cc of mersalyl 
Ihe next miie dajs he took 56 Gm of urea dailv and again stopped for the next 
seventeen davs so that bv February 17, his weight had risen to 152 pounds (689 
Kg) as against 142 pounds (64 4 Kg) on January 31 Fifty-six grams of urea 
dailv reduced the weight to 142 pounds within eleven dajs 

It will thus be seen that in the third episode, reduction m the quantity of urea 
led to an increase in weight and to the appearance of mild signs of heart failure 
and that this condition yielded rapidlv to an adequate intake of urea No dimtahs 

pcrioT^ ‘ beginning H this 
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The clailj urinary output of salt of this patient was good, about 5 5 Gm , and 
covered his intake On Aug 1, 1930, his blood urea was 17 4 mg per hundred 
cubic centimeters, urea having been stopped for three da>s, it was 26 mg after 
■ he had been taking urea for ten and one-half months The range of the specific 
gravity of the urine was normal The renal function remained undisturbed 

Case 3 — ^When H L , a man, aged 39, with hypertensive heart disease, entered 
the hospital on March 6, 1929, he had extreme heart failure and was water-logged 
His auricles were not fibnllatmg He was given digitalis daily, a dose of mersalvl 
intravenously on one occasion and thereafter 56 Gm of urea daily Within twentj- 
Jour days his weight declined from 164 to 147 pounds (74 4 to 66 7 Kg), and his 
clinical condition improved mark-^dly During the next five hundred and eight} - 
two days he took 56 Gm of urea daily and required in all but five injections of 
mersalyl (2 cc each), widely spaced The last months he took no digitalis His 
output of salt in the urine was good, a concentration test of the urine showed 
normal renal function On Aug 1, 1930, his blood urea nitrogen was 18 6 mg 
per hundred cubic centimeters of blood, three days after urea w^as discontinued, 
it v'aried from 30 1 to 36 6 mg after twenty-three and one-half months of urea 
therapy The elimination of urea m the urine was normal, about 4 per cent 
During all this time the patient was practically edema-free and restored considerablj 
in cardiac efficiency 


Table 3 — heatment and Results in Case 3 


Diulj 
Grams of 
Urea 

Admission 

V\ eight, 

Pounds Days on Urea 

Weight, 

Pounds 

Meisalyl 

(2Cc) 

Digitalis 

Comment 

56 

1929 

164 24 March 15 to April 8 

147 

1929 March 21 

2 4 cc dailj 


56 

582 to Nov 1, 1930 

145 

1930 Jan 30, 

Daily up to 

Weight, 


GOG days 


July 8, 

Aug 6, 
Sept 15, 
Oct 24 

Dec 1,1929, 
daily from 
Aug 14 to 
Sept 30 

149}4 

pounds 


This record also illustrates the futility of giving mersalyl when a residual edema- 
free weight IS well established , thus, on Jan 31, 1930, the patient’s weight was 
147^4 pounds (67 Kg), and although he was not edematous, he received 2 cc of 
mersalyl The next day the weight stayed unchanged, and the following day it was 
146 pounds (66 2 Kg ) A similar result was observed on July 8, 1930, when the 
weight was 145 pounds (65 8 Kg ) , 2 cc of mersalyl reduced the weight to 142 
pounds (64 4 Kg) the next day, and on the following day it was 143 pounds 
(64 9 Kg) 

Case 4 — ^\Vhen L R , a man, aged 54, first appeared at the Montefiore Hospital 
on Sept 17, 1927, he was known to have arteriosclerotic cardiovascular disease 
with hypertension and marked heart failure Ten months later he went home much 
improved On April 4, 1929, he returned, his heart failure was extreme The 
blood pressure w^as 166 systolic and 90 diastolic, and there was pulsus alternans , 
electrocardiographic tracings disclosed premature ventricular beats but no auricular 
fibrillation He received no digitalis, but was given during the initial twenty-six 
days four doses of mersalyl (2 cc each) and 56 Gm of urea daily His weight 
fell from 175^2 to 138 pounds (79 6 Kg to 62 6 Kg), and the clinical amelioration 
was striking For the greater part of the next one hundred and eighty-four days 
he took 24 Gm of urea daily, occasionally 36 Gm , and he required but two widely 
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spaced injections of mersafyl, the weight stayed at about 135 pounds (612 Kg), 
and he was edema-free An increase of urea to 56 Gm daily for the following one 
hundred and eighty-one days lowered his weight to 127 pounds (57 6 Kg ) , and he 
required but one injection of mersalyl during this time For the next one hundred 
and twenty-two days, the daily dose of urea was 36 Gm , occasionally 56 Gm , but 
the patient required mersaljd somewhat more frequently, and his weight climbed to 
138 pounds (62 6 Kg), and continued to range between 132 and 140 pounds (59 9 
and 63 5 Kg ) during the next two hundred and seventeen days, when he took 
56 Gm of urea daily 

This patient thus took large doses of urea practically uninterruptedly o\er 
seven hundred and thirty days On Aug 13, 1930, after having taken urea for 
more than one year, the blood urea nitrogen was only IS mg per hundred cubic 
centimeters, urea having been stopped for two days , after taking urea for twentj'- 
one and one-half months, the blood urea nitrogen was 29 1 mg The daily urinary 


T\ble 4 — Ticatincnt and Rcstdts tn Case 4 


Daily 
Grams of 
Urea 

Admission 

Weight, 

Pounds 

Da vs on Urea 

Weight, 

Pounds 

Wersnlj 1 

S6 

175% 

20 1929 

April 4 to May 1 

ISS 

April 7, 10. 19, 24 

30 (mostly 24) 

184 

to Nov 1 

133 

August 12, October 20 

56 


no 1930 

to Peb 24 

127 

December 7 

56 


C5 

to Apr 30 

127 

0 

30 (occas 50) 


31 

to June 1 

123 

May 2S, 31 

36 


00 

to July 31 

123 

Julj 8, '), 27 

30 


31 

to Aug 31 

13S 

August 4, 20 

50 


217 IfiSl 

730 days 

to ^pr ') 


None for 0 months 
September 3, 12 

October 9, 18, 27 

Not ember 4, 11, 14, 21, 25, 29 
December 0, 13, 10, 23, 20 
January 24, 3i 

Pebruarv 28 


output of sodium chloride was about 5 Gm , and just about covered tlie intake 
The specific gravity of the urine showed no fixation or limitation in range The 
renal function, therefore, was good The weight reached an early equilibrium of 
about 135 pounds (612 Kg ), and never returned to the excessively high figures 
(175)4) noted in April, 1929 There were times when the patient showed some 
anasarca, but it never reached the extent that it did on his last admission, this 
yielded to increased doses of urea, to mersalyl or to both drugs combined For 
months urea was the only medicament, and the patient continued to be edema-free 
and restored m cardiac efficiency 


Case 5— J R ,3 a man, aged 49, came to the Montefiore Hospital on March 
12, 1927 His weight was 145 pounds (65 8 Kg ) He had had recuirent attacks 
of con^stive heart failure, and his signs were advanced and unrelieved on admis- 
Jr generalized arteriosclerosis, hypertension and 

fibrillation congestive heart failure with no auricular 


reported at the New York Bronx Countv 
Medical Society by Dr L Tarr m Tnnp 1070 u ! t^ounty 

con.,„„ed use of up ,o ,ta. Li ’ ’ "" «'= 


970 


ARCHIVES or INTERNAL MEDICINE 


The heart failure was progressive, large quantities of edema fluid collecting in 
the abdomen and thorax The first six months he took digitalis almost daily, and 
the initial twenty-nine days of this period no urea was given The next one hun- 
dred and eight days urea was added, in doses of from 48 to 24 Gm dailj^, but, 
thereafter, for one hundred and forty-two days, he again took no urea During the 
two hundred and seventy-nine days, he required several abdominal and thoracic 
paracenteses, and these procedures, together with several injections of mersalyl, 
brought the weight down to 157 pounds (72 1 Kg ), which had previously mounted 
to lSP /2 pounds (82 3 Kg ) Many and various other diuretics were also tried 
during this period, but with little success , the cardiac function remained poor, and 
the anasarca, as indicated by the huge weight, was unrelieved except by the 
mechanical withdrawal of collected fluid For one hundred and fifty-tw'o days urea 
W'as then withheld, and his condition showed very little improvement When ut-ea 

Table 5 — Tieatment and Results in Case 5 


Dailj 
Grains of 
Drea 

Admission 

W'eight, 

Pounds 

Dajs on Urea 


Weight, 

Pounds 

Mersalyl (2 Cc ) 

Digitalis 

0 

145 

29 

1927 

Mar 12 

to Apr 12 



1 cc daily 

4S to 24 


lOS 



to July 29 

1G7 

(ISD/s) 

Aug 8 

Oct 21,24,28 

Nov 2, G, 12, 10 

1 cc daily 
1 cc dailj 
1 cc daily 

0 


142 



to Dec 18 

157 

Dec 28 

Sept 12, 
stopped 

5G or more 


227 

1923 


to Aug 2 

152, 164, 169 

Feb 17 


0 


152 

1929 


to June 1 


Nov 3, Dec 25 


3G 


322 



to Isov 20 

148 

Jan 1, Feb 18 

Mar 29, Aug IG, 
Sept 8 


5G or more 


410 

^ov 

Jan 

24, 1929 to 

7, 1931 

147-150 

1929 Dec 13,20,29 

1930 Jan 21,30 



Jan 10 1931 ceased — Mar 6, 2G 

l,0G7 days on urea Dec 9, IG 

1 390 days in hospital 


W'as resumed, 56 Gm dailj', over the next three hundred and twenty-two days with 
very infrequent injections of mersalyl, the w'eight was reduced to 148 pounds, and 
he became unmistakably improved Practically the same dose of urea was admin- 
istered daily during the remainder of his life, four hundred and ten days, and he 
remained stabilized m weight, from 148 to 150 pounds (671 to 68 Kg ), requiring 
mersalyl at verj' rare intervals, if at all Digitalis was not employed after the 
early six months’ trial 

The patient’s improvement, especially m the latter half of the course, was 
marked while he was taking urea, supplemented by mersalyl Over many con- 
secutive months urea alone was employed, and during the latter half of his stav 
m the hospital, while on urea therapy, he required no further paracenteses He 
W'as m the habit of drinking large amounts of water, but he eliminated large quan- 
tities of urine (about 3,200 cc daily) His chloride output was 2 06 Gm daily 
over a period of many daj's, an amount slightlj' less than his intake There were 
times when he gamed m weight gradually, although he was taking urea, but during 
this period of slow' gam m weight he did not require mersalyl frequently When 
urea w'as discontinued for a short time, his w'eight increased at a far greater rate 
and his condition called for mersalyl more frequently The renal function showed 
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some alteration, i e, the range of the specific gravity became contracted (from 
1 010 to 1 015) , on several occasions, the blood urea nitrogen, the drug having been 
stopped in a test period, remained high At autopsy the clinical diagnosis was 
confirmed, and arteriosclerotic changes were found in the kidneys to explain the 
disturbance m renal function 


THE DIURETIC VALUE OF UREA WHEN GIVEN OVER LONG 
PERIODS IN LARGE QUANTITIES 

The use of uiea as a diuietic is not new As eaily as 1892, 
Fiiediich'^ had empolyed it in compai atively small doses (from 2 to 
14 Gm daily) m cases of cardiac edema and m cases of ascites asso- 
ciated with cnrhosis of the liver Klempeier® in 1896 also successfully 
employed it in cases of hepatic ascites using slightly laiger doses (fiom 
10 to 20 Gm ) Strauss m 1896 and again in 1921 emphasized the 
importance of urea as a diuretic Feilchenfeld ’’ in 1918 obtained excel- 
lent lesults, giving as much as 100 Gm daily in cases of edema with 
noimal lenal function Volhard® in 1918 used laige doses of fiom 
40 to 60 Gm of uiea per day in the tieatment of patients with renal 
diseases, he obtained excellent results m cases of nephiosis In 1921, 
McLean ® included uiea m large daily doses m his list of useful diuretics 
for renal edema, especiall}^ foi that of nephrotic origin Ciawfoid and 
McIntosh^® in 1923 gave the diug, in amounts up to 60 Gm daily, to 
eight edematous patients, and se\en of them became completely edema- 
fiee Kmg“ m 1927 lepoited on the use of urea and diets high m 
protein for patients with edema, his results varied in i elation to the 
late of elimination of uiea and renal impairment Goldnng^® in 1929 
attempted to use uiea for foui patients with edema, but in all of them 
gastiic distuibances developed and the administiation of the drug had 
to be stopped Volhard,^® in a discussion on the tieatment for edema. 


4 Friedrich, W Fine Abhandlung uber die diurctische Wirkung des Harn- 
stofYs, Magyar orvosi arch 1 400, 1892 

5 Klemperer, G Berl khn Wchnschr 33 6, 1896 Klemperer, G, and 
Dunner, L Behandlung der Nierenkrankhciten, Therap d Gegenw 60 57, 1919 

6 Strauss, H Chante-Ann 21 288, 1896 

7 Feilchenfeld, J Ueber Harnstoff als Diureticum, Therap d Gegenw 
59 273, 1918 

8 Volhard, Franz Die doppelseitigen hamatogenen Nierenkrankhciten, Ber- 
lin, Julius Springer, 1918 

9 McLean, H Modern Methods in the Diagnosis and Treatment of Renal 
Disease, Philadelphia, Lea & Febiger, 1921 

10 Crawford, J H , and McIntosh, J F The Use of Urea as a Diuretic in 
Advanced Heart Failure, Arch Int Med 36 530 (Oct ) 1925 

11 King, S E M Clin Noith America 10 963 (Jan ) 1927 

^ Edema in Congestive Heart Failure, Arch Int Med 44 465 


13 Volhard, Franz, in von Bergmann, G, and Staehelin, R 
mneren Medizin, ed 2, Berlin, Julius Springer, 1931, vol 6, pt 1, 
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stated that he had gnen uiea m large doses for many weeks He 
quoted a case of Stiauss’, in which the patient took 12 Kg of uiea 
during six months It is therefore apparent that m the hands of a 
number of workers good and even excellent diuresis was secured when 
uiea w'^as given in adequate amounts The woikers all seem in agiee- 
ment that uiea is absorbed quickly, promptly laising its concentration 
m the blood, and is lapidly excreted, transporting with it large amounts 
of fluids to the kidneys, and that all this takes place without provoking, 
at least in nonienal cases, any toxic or harmful effect There are, 
hoAvever, few, if an}, similar obseivations on the very prolonged admin- 
istration of uiea in massive doses 

Our study, theiefore, was undertaken to ascertain whethei the 
well functioning kidney, as in oui patients with cardiovasculai disease, 
retained its ability to nd the body of large quantities of fluid in the 
face of continued and repeated daily demands on it wdien uiea is 
administered in laige amounts over many months or years The 
duiation of its use m some of oui cases extended over several years, 
a period consideiably longer than that hitherto reported in the literature 
Diin ehc Effect of Uiea — Unlike the distribution of sodium chloiide 
in the bod} with its predilection foi stoiing chiefly in the skin whence it 
is called on as needed, urea reaches the blood and all organs in prac- 
tically equal concentiation (Schoendoiff and Marshall and Davis 
As there is no special depot foi urea, it is apt aftei laige doses to 
accumulate in the blood stream m high concentration, disappeaiing as> 
the diug IS stopped This high concentiation of blood is a mateiial 
factor m urea diuresis 

While w e have repoi ted the cases of five patients wdio showed bene- 
ficial results over long periods of time, there are a number who 
failed to show this response The factois limiting the effectiveness of 
urea diuresis are being investigated at pi esent In some patients in 
wdiom the diuretic response at the beginning of urea theiapy was 
negligible, we witnessed good dimesis at a later date undei seemingly 
identical conditions (case 5) Furthermoie, the dose for optimum and 
maximum diuresis w^as not constant Generally, the best and most 
prolonged diuresis followed from the daily ingestion of 56 Gin divided 
into thiee equal portions When small doses weie given, edema leap- 
peared slowdy and steadily, and the dose had to be laised to 36 oi even 
56 Gm daily 

A^'arious other diuretics w’^ere also employed, either in combination 
w ith 01 as an alternative to urea These w^e may classify, for practical 

14 Schoendorff, cited b}' Loeb, E Edema, Med Monog 8 77, 1923 

15 Marshall and Davis J Biol Chem 18 53, 1914 Weiss and Vaughan 
J Lab & Chn Med 7 229, 1921 

16 Future publication bj^ Dr L Tarr 



MILLER-F ELD MAN— UREA IN CARDIAC DROPSY 


purposes, into se\eral groups, then action is not identical and often 
unknown, and they possess individual difterences and indications for 
use In tlie first group we place urea The second consists of acid and 
base-foiining drugs ammonium chloride, aniinonium nitiate, mono- 
basic sodium phosphate, alkalis, like soda bicarbonate in laige amounts, 
or potassium citiate The thud group comprises metal preparations 
merbaphen and mersalyl, mercurial products and bismuth salts In die 
fourth ue may group the purine drugs, caffeine, theobromine, theocine 
and also the newer preparations containing calcium, salicylates etc 
Digitalis makes up the fifth group 

Restrictions in fluids (Karell legimen) or in sodium chloride (salt- 
poor or salt-fiee diet) were frequently resorted to, but for periods ot 
man} months in succession urea was the only measure used for com- 
bating edema, and no restrictions were made with regard to the quantity 
of w^ater and salt witlun ordinary dietary limits Throughout other 
stretches of many months urea W'as the sheet anchor of diuretic therapy, 
but from time to tune required supplementation wuth mersalyl or other 
diuretics, or more stringent supervision of the intake of w^ater and salt 
Without entering into too many details, it may be said that our general 
plan consisted in ridding the patient of edema and restoring cardiac 
function as soon and as efficiently as possible, and w^e learned that this 
could often be accomplished expeditiously by massive doses of urea 
often with interval doses of mersalyl Digitalis w^as not necessary 
The response w^as equally good in the congestive failure state, wdiether 
or not the patient was suffering from auricular fibrillation The patients 
wdio leached the hospital in previous years, i e, before w^e began to 
give urea in massive doses, w^ent through preliminaiy treatment wuth 
all the remedial agents then knowm, but for them, also, w^e finally 
learned to lean chiefly on urea for daily treatment Whatever the ante- 
cedent treatment, urea became the mainstay in the cases heie reported, 
the patients remained edema-free, usually ambulatory, restored in car- 
diac competency to a noticeable degree and able to take fluids and sodium 
chloride w ithout hampering regulations 

We have reached the following conclusions in regaid to the pro- 
longed administration of urea in massive doses in the treatment for 
cardiac dropsy 1 A marked drop in body weight results f i om the loss 
of fluids That this loss is not flesh may be deduced from the fact 
that the patients in the cases reported received a diet of adequate calories 
(about 2,000 per day), and that they did not grow asthenic or ema- 
ciated and so-called cardiac cachexia did not develop 2 The loss m 


17 The hormone products go to make up a sixth group, that is pituitarv 
extracts as used m diabetes insipidus, thyroid substances in nephrosis and parathor- 

Te reportfd‘°''““ " th= 
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edema was greatest and most noticeable when there iias pionounced 
congestive heait failure, suhseqiientty, as the edema became milder its 
disappeai ance was not so spectacular Excluding a few cases that 
pioved to be refractory to urea, the diuietic action of urea was seldom 
lost completely unless and until the caidiac leserve was at a veiy low 
ebb and restoration of cardiac competency, to any appreciable degree, 
vas no longer possible 3 Urea was seen to stabilize the body weight 
at a fairly constant level over months , once this level was attained, it 
never reverted to the original water-logged body weight as long as urea 
therapy was kept up This lesidual edema-free weight became quite 
stationary, varying but a few pounds, if at all, over months 

In the presence of this residual almost stationary, edema-free weight 
there were a number of distinguishing features (a) Signs of congestive 
heart failure were not present With apparently good heart function 
and steady unchanging weight, the question aiose, was urea really 
acting to pi event the i eaccumulation of edema, or did the edema fail 
to reappear because of the improved state in the caidiovascular system^ 
While we cannot speak categorically, we believe that piobably both 
factors played significant roles, and we have suggestive evidence that 
urea was by no means secondary or negligible in usefulness (case 2 and 
the case of W T ) When the cardiac reserve was very poor, how- 
evei, the danger of heart failure was imminent, especially if a new 
complication, such as a respiratoi}'- infection, ensued, and this despite 
the fact that congestive signs were absent and that urea was being taken 
in sufficient quantities Theiefore, in estimating the complete loss of 
edema and the congestive signs, one should exclude, by fluoroscopy, 
signs of partial or incomplete caidiac insufficiency that had failed to 
spread beyond the confines of the pulmonic and hepatic circuits These 
latter changes were seen to linger long after the “external,” more 
disceinible signs disappeared, and such patients might, theiefoie, have 
been erroneously labeled edema-free and without cardiac insufficiency 
(&) A second distinguishing feature was the fact that meisal 3 d had 
little effect at this stage (Our charts often showed that some eager 
advisor ordered mersalyl when it was not needed ) 

(c) The patients at this stage, i e, with a lesidual edema-free 
V eight, enjoyed an improved state of cardiac reserve as far as was 
compatible vith the undeiljmg caidiovascular derangement 

To summarize, urea did not lose its diuietic effect ovei long periods 
of time, and it helped maintain the patient’s weight at a constant 


IS After the “external” signs of edema disappear, the patient ma}”- still reieal, 
on fluoroscopj’', lung stasis, engorgement of the secondary pulmonic branches and 
left auricular enlargement These fluoroscopic findings speak for the continued 
presence of cardiac insufficiency , further or increased doses of urea are indicated 
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lesidual, eclema-fiee level Moieovei, this equihbntim in body weight 
served as an excellent guide in watching foi distui bailees in cardiac 
competenc}^ or in estimating the continued diuietic efficac}’’ of urea 

THE INNOCUOUSNESS OE THE PROLONGED USE OE MASSIVE 

AMOUNTS OF UREA 

In estimating the possible injuiious effects fioin the piolonged use 
of urea, we have thiee means at hand (1) clinical obseivations and 
impressions, (2) laboratory investigations on renal function and (3) 
histologic study of the kidney stiuctuies 

1 Obseivation of cases continuously foi many months, as was done 
undei lather unchanging external cncumstances m oui study, enfoiced 


Table 6 — Results of Concentiatwn Tests of the Chine and Studies of the Blood 
Chemistiy m the Five Caies Repoited 


Before Urea Therapy 


Case 

History 

No 

Auricular 

Fibril 

latioQ 

Urinary 

Specific 

Gravity 

Blood 

Urea 

Nitrogen, 

Mg 

1 

5S040 

+ 

1 033 1 035 

24 2 

2 

OIGSO 

+ 

1 008 1 027 

17 4 90 

3 

00139 

0 

1 014 1 020 

18 0 13 0 

4 

G0249 

0 

1 018 1 009 

15 0 

S 

53310 

0 

1 012 1 024 

18 2 15 1 


After Urea Therapy 

- - A 


Blood 


Dajs 

on 

Urea 

Days 

in 

Hospital 

Urinary 

Specific 

Gravity 

Urea 

Nitrogen, 

Mg 

243 

301 

1 010 1 026 

24 2 

333 

478 

1 013 1 020 

17 4 20 0 

COO 

COO 

1 017 1 027 

ISO 

730 

730 

1 024 1 034 

15 0 

1007 

1,390 

1 012 1 015 

24 2 20 2 


* These figures ucre obtained after urea had been withheld for sercril days before the test 
was performed 


the belief that urea, as we gave it, induced no outward lesults except for 
occasional gastro-intestmal distress m the way of nausea or vomiting, 
or occasionally diarihea 

2 The laboratory tests did not disclose any disturbance m lenal 
function attributable to urea In four patients there was no change 
whatsoever In one case (case 5), there were no signs of renal impair- 
ment on admission or for many months later Subsequently, although 
uiea served well as a diuietic, an underlying, developing aiteriolar 
disease, confirmed at autopsy, manifested itself by a moderate impair- 
ment of renal function, i e , the specific gravity of the mine became 
1012 and 1 015 A more detailed survey of the values of the blood 
uiea of this patient disclosed that, with few exceptions, the figuies fell 
piomptly when urea was stopped, and that as late as Jan 20, 1930 the 

blood urea nitrogen was 20 2 mg after a three day witlihawal of 
the diug 


19 Seasonal A’anations, and also fever from 
without some influence on the body weight 


one cause or another, were not 
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Concentration tests of the urine and studies of the blood chemistry, 
carried out after long periods during the use of urea, demonstrated 
little or no difference from the values obtained soon after the patients 
were admitted to the hospital These results are adequately illustrated 
m table 6 and call for no further comment 

3 The effect of urea was determined by histologic examination of 
the kidney We were able to secure microscopic preparations of the 
kidney from three patients (nos 4904, 14301 and 18357) who took 
massive doses of urea intermittentl}'^ during many months In none 
did we find a pathologic alteiation that could be attributed to the urea 
In fact, the histologic appearance was normal except m one other case 
(case 5), in which a concomitant arteriolar change had taken place 
Urea, therefore, m the doses and manner employed by us is without 
demonstrable effect on the renal structures 

MASSIVE DOSES OF UREA AS A PROPHYLACTIC AGAINST THE 
REACCUMULATION OE EDEMA 

With the greater part of the edema fluid out of the body, urea will 
still mobilize any lingering or residual edema, the latter often indicating 
a temporary or mild degree of cardiac insufficiency There comes a 
time, however, when the heart rights itself functionally and edema is 
entirely absent, as nearly as one can tell, and the further use of urea 
IS unnecessary We could not always recognize the point at which 
cardiac sufficiency was entirely restored and called for no further 
dimetic therapy From a practical standpoint, therefore, we believed 
it more prudent not to halt the administration of urea, although in some 
cases it probably no longer played a part in preventing the recurrence 
of edema 

Under such circumstances, it was natural, as already indicated, to 
speculate whether edema failed to leappear because the heart was no 
longer insufficient or because the urea acted as a pieventive Our evi- 
dence, though indirect, suppoits the latter point of view We observed 
patients, who, while taking urea, were seemingly restored to good car- 
diac function over long periods, free from edema and stationaiy in 
weight,-® but in whom, when urea was discontinued, clinical signs of 
insufficiency soon developed and a rise in weight occurred, these signs 
disappeared when urea was lesumed 

Two cases illustrate this change case 2, already described, and the 
case of Mrs W T , aged 42, a private patient of one of us (Dr 

20 A small elevation in weight, of itself, say from 3 to 5 pounds (14 to 2 3 
Kg ) , was not alwaj's an infallible mark of the return of cardiac insufficiency, 
because such variations were governed by a variety of extracardiac circumstances, 
such as an increase in body flesh, changes in external temperature and humidity 
or a subsidence of a concomitant fever 
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Millei), who had intense heait failure with extensive anasarca three 
and a half }ears piior to the writing of this article due to an advanced, 
chionic, iheumatic, ^alvular disease associated with permanent auiicular 
fibi illation She lemamed edema-free, stabilized m weight, at from 
130 to 134 pounds (59 to 60 8 Kg ), and restoied almost to the activity 
of a normal peison vhile taking 70 Gm of urea thiee or foui days 
a week from Feb 28, 1928, until July 20, 1931 Dtiiing these months, 
she also received eighty-nine injections of mersalyl, the last one on 
April 10, 1931, and occasional doses of digitalis to control the heart 
late As a test, on May 9, 1931, with the weight at 131 pounds (594 
Kg ) and as she had felt well and lit for months, the uiea w^as dis- 
continued Within nine days, unmistakable dyspnea, increased cyanosis, 
edema of the ankles and tenderness of the liver developed and her 
weight increased 8 pounds (3 6 Kg) (139 pounds [63 Kg]) She 
became and felt sick, but w^as quickly restored with diuietics, taking no 
digitalis 

Such occuriences permit us to believe that uiea is valuable m pre- 
\enting the return of edema, and in this way provides anothei safeguard 
foi cardiac patients with a restricted leseive in wdiom edema might 
otherw'ise reappear on a slight provocation 

CONCLUSIONS 

1 Urea administered in the w^ay desciibed has been found to be an 
eftective diuretic over long periods of time in selected cases Wheieas 
It can function alone over many months in keeping the patient edema- 
free, It ma> require the supplemental use of other diuretics This is 
tiue for the patient rvith or without auricular fibrillation Cases are 
reported in wdiich its unbroken administration continued ovci three 
years 

2 Urea does not impair the function of the kidneys or altei their 
histologic structure after prolonged administration 

3 Once the signs of congestive heart failure have been lemored, 
urea is valuable in preventing their recurrence The diug tends to 
maintain the patient’s weight at a low^ and constant edema-free level 
over months and even years During such periods, oiii patients often 
required little or no restrictions of the intake of fluid oi salt wuthin 
ordinary dietary limits 
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It came to my attention about tu o years ago, as previously reported 
in the Archives,^ that the Boltz test for tryptophan may be applied 
diiectly to urine, and, as very few data on the incidence of tiyptophan 
in 111 me are available, it seemed to me that this problem was one worthy 
of the expendituie of some time and eneigy This paper is consequently 
a report of the results of 169 tests on 10 normal controls, indicating 
that tryptophan is not eliminated m the urine of the normal man in 
health and on an average diet , of 525 tests on specimens sent to the 
laboiatoiy for routine examination from general surgical and medical 
cases, and of over 600 tests on specimens from cases of nervous and 
mental diseases — all accumulated during the past eighteen months 

An essential improvement in the technic of the original Boltz test 
when employed in urinalysis has been found to consist in cooling the 
tube containing the test solutions during the addition of the sulphuiic 
acid This keeps down to a minimum the production of inteifermg 
yellow and brown colois, and renders the test much simpler to read 
with certainty, as eiidenced by the fact that it has been easily learned 
b} other technicians As now employed the test is conducted as follows 

EXPERIMENTAL DATA 

Technic — Place in a small glass test tube 1 cc of the filtered or centrifugated 
specimen to be examined 

Add 0 3 cc of acetic anhydride and shake 

While the tube is held under the tap or in a large beaker of cold water, add 
0 8 cc of concentrated sulphuric acid from a pipet, a drop at a time, and shake 

Let the tube stand at room temperature under observation for five minutes 

The positive reaction is indicated by the appearance of color varying from light 
lilac to deep purple The color is unmistakable by daylight, as normal specimens 
range from light to dark brown, but the test is practically impossible to read by any 
of the artificial lights with which I have experimented up to the time of writing 

Expo nnevtal Ohsovatwns — During the course of the application of 
the test to date, the following observations having a technical bearing 
have been made Positive specimens left standing at room temperature 
oier night without a preservative have shown in the morning consider- 
able giowth of bacteria and have been found negative by the test The 

Submitted for publication, Oct 5, 1931 
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same specimens pieseived with a few diops of chloiofoim, ethei or 
toluene lemamed positive By the addition of a few diops of toluene, 
specimens kept at loom temperatuie in stoppeied flasks have been 
pieseived foi as long as a month Meicuiic chloiide solutions piccipi- 
tate tiyptophan fiom urine and pieseive it against bacteiial decom- 
position 

Twent}^ specimens fiom geneial suigical and medical cases giMiig 
positive Bolt? leactions in the presence of acetone and diacetic acid 
hare been obseived and lecoided Seven specimens flora five diffei- 
ent cases of diabetes nielhtus have been obseived and lecoided positnc 
foi tiyptophan by the Boltz test m the piesence of sugai The piesence 
of acetone, diacetic acid and sugai, even in consideiable amounts, theie- 
foie, does not necessanl}^ mask a positive Boltz test ihe lemoval of 
ammonia b}’’ permutit, of phosphates and carbonates by barium chloiide 
and hydi oxide oi of carbohydi ates by copper sulphate and calcium 
hydroxide fiom the average specimen of mine does not appreciably 
simplify the reading of the Boltz reaction oi increase its scnsitneness 
thiough any claiification of interfering colors The exact sensitue- 
ness of the test up to the picsent time has not been determined It is 
believed to be amply sensitive to demonstrate a deal cut and easil} 
readable reaction with pathologic positives 

Pathologic Obseivatioiis — Tryptophan was found to be piescnt in 
33 pel cent of 525 specimens examined fiom geneial suigical and 
medical cases Of 313 ot these specimens that wcie positive for 
albumin, 91, oi 29 pei cent, weie also positive for trjqjtophan The 
highest incidence of tryptophan in combination wuth albumin of ain 
group of specimens fiom similai cases was shown by the gioup of 
25 specimens from 9 diffeient cases of dcgeneiative diseases of the 
kidneis, IS of wdneh, oi 72 per cent, w^cie also positive foi ti)ptophan 
The finding of 222 specimens positive foi albumin by the usual loutine 
tests wdiich were negative for tr}ptophan by the Boltz test indicates the 
existence of albuminunas in wdiich the piotem molecule ehmmated does 
not contain a tryptophan group A total of 169 specimens in this senes 
was found positive foi tiyptO])han by the Boltz test, of which numbci 
78 01 46 per cent of the positives w^eie albumm-free This indicated 
the existence of a tryptophaiiuiia as a clinical entity distinct fiom 
albuminuria 

The highest incidence of free tiyptophan not in combination with 
albumin was found in a small gioup of 5 cases of neivous disoideis, such 
as neuritis, nem asthenia, hysteiia, neuioietmitis, and such as occui dm mg 
menopause, and in 7 cases of suigical shock, such as amputation, gunshot 
and othei wounds, f i acture, dislocation and secondai y liemoi i hage The 
figuies. while meagei, led me none the less to the conclusion that ti vpto- 
phanuria as a distinct clinical entity might most likely be found in the 
group of nervous and mental disoidei s This conclusion has been pai tially 



980 


ARCHIVES OF INTERNAL MEDICINE 


•verified b} the examination during the past three months of ovei 600 
specimens from 101 cases of mental disease, as follows miscellaneous 
diagnoses, 7, dementia paralytica, 7, manic-depressive psychosis, 7, 
and dementia praecox, 80 The average incidence of specimens positue 
tor ti\ptophan was slightl} less than that for those from general surgi- 
cal and medical cases, being but 21 per cent, this finding, however, 
representing almost entirely free ti 3 'ptophan not in combination with 
albumin Of the 101 cases examined b)’^ the test, 8 in the dementia 
praecox group haie been found in which trv'ptophanuria was consistently 
present with no concurrent albuminuria 

The evidence is rather strongly indicative that tryptophanuria in 
nervous and mental disease is most likely to occur duimg peiiods of 
hj’^pei activity This conclusion was armed at by a consideration of the 
findings m individual cases and is supported by the follownng figures 
Of 350 specimens taken at random from the 4 halls of a ward of the 
United States Veterans Hospital at Palo Alto, 50 specimens, or slightly 
ovei 14 per cent, were found positive, while of 258 specimens taken m 
the tub room of the same -w^ard, 79, or about 31 pei cent, weie positive 

The findings with refeience to the effect of tubs and packs indicate 
that this treatment is more likely to inciease tiyptophanuria than to 
dimmish it, and that the extent of the increase is proportional to the 
length of time of such treatments as follows Of 113 specimens 
examined just prior to the treatment, 27 per cent were found positive 
Of 91 specimens examined after from two to four hours of the treat- 
ment, 31 per cent were found positive Of 29 specimens examined 
after from five to seven hours of the treatment, 34 per cent were found 
positive Of 25 specimens examined after over seven hours of the tieat- 
ment 40 per cent were found positive 

The patients and staff of the United States Veterans Hospital No 24, 
and in particular those of ward No 17 gave valuable cooperation and 
assistance in carrying out this senes of tests 

SUMMARY AND CONCLUSIONS 

1 An improved technic for the application of the Boltz test to the 
detection of tryptophan m urine is presented 

2 The application of the test is not interfered with b}'^ the piesence 
of sugar albumin or acetone and diacetic acid m the specimen 

3 The findings to date indicate the existence of albuminurias in 
which no tryptophan group is associated with the protein molecule elimi- 
nated and also of an uncomplicated tr}'^ptophanuria 

4 Tryptophanuria as evidenced by a positive Boltz reaction undoubt- 
ed!} signifies some underlying derangement of protein metabolism, 
though its exact pathognomonic significance, if any, is as yet not clearly 
understood 
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VII TKE CALCIUM AKD INORGANIC PHOSPHORUS CONTENT OF 
CEPEBROSPINAL FLUID AND BLOOD SERUM IN CHRONIC 
GLOMERULONEPHRITIS WITH UREMIA 

A CANTAROW, II D 

PHD LPHIA 

Since Giecnwald^ in 1915 reported the obser\ation of an incieasc 
m the concentration of inoiganic phosphorus in the blood seuim ot 
patients with nephiitis, man)' investigators ha-ve studied the inoiganic 
constituents of the blood and other bod) fluids in renal disease Mar- 
riott and Howdand = appeal to ha\e been the first to report the occinrence 
of hypocalcemia in renal failure a phenomenon they attributed to the 
increase in the concentiation of serum phosphate They also suggested 
that the latter factor is of importance in the production of nephritic 
acidosis The intimate relationship betw'een hypeiphosphatemia and 
h)pocalcemia W'as soon aftei demonstrated by Binger/ wdio show'ed 
that the intravenous injection of phosphates is followed by a diminution 
in the concentration of serum calcium Subsequent studies have con- 
fiimed these observations and have m part supported the conception of 
the etiologic relation of hypeiphosphatemia to hypocalcemia in ncphiitis 
Halverson, Mohler and Bergeim ^ found serum calcium \ allies as loiv 
as 7 mg pel hundred cubic centimeteis in some cases of nephutis 
Feigl,° in a series of patients with icnal disease, found the serum inor- 
ganic phosphorus to laiy fiom 7 2 to 14 5 mg and the serum calcium 
from 7 4 to 10 3 mg per hundred cubic centimeters Denis and Hobson 
observed phosphorus values as high as 10 mg and calcium values as 

Submitted for publication, Oct 2, 1931 
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as 7 6 mg In an eailiei report Denis and Minot' noted serum 
phosphorus concentrations as high as 40 mg pei hundied cubic centi- 
meters 

The clinical significance of these observations has been the subject 
of considerable discussion and speculation Most observers believe that 
h} perphosphatemia in nephritis is a direct lesult of renal functional 
insufficiency and, as pointed out by Marriott and Howland,- is an 
important factor in the production of acidosis Howevei, Denis and 
Minot ’’ found that the degree of phosphatemia bore no definite relation 
to the state of the alkaline reseive or to the degree of nonprotem nitrogen 
retention in the blood In spite of this they made the observation that 
the serum phosphate level is of definite prognostic significance as in 
the nonfatal cases in their series, although the patients were seriously 
ill, they exhibited little or no phosphate retention Schmitz, Rhodenburg 
and Myers ® stated that a low plasma carbon dioxide combining powei 
may be present in association with a normal serum phosphate concen- 
tration m nephritis, but that a high serum phosphate concentration is 
almost im ariably accompanied by a low plasma carbon dioxide capacity 
They also emphasized the prognostic significance of hyperphosphatemia 
in lenal disease, but believed it to be of less value than creatinine reten- 
tion De Wesselow ° found that the concentrations of urea and inorganic 
phosphorus in the blood paralleled each other, and he believed that 
uremic symptoms are related more directly to the latter than to the 
f 01 mer 

111 attempting to determine the significance of h} pocalcemia in 
nephiitis, one encounters a much moie complex problem Following the 
suggestion of Marriott and Howland - and the experimental work of 
Bingei,® the earlier investigators attributed the diminution in serum 
calcium entirel} to the increased serum phosphate concentration In 
1923, however, Salvesen and Linder demonstrated the existence of a 
parallelism between the serum protein and serum calcium concentrations, 
showing that in cases of renal disease with diminution m the level of 
serum protein there is a corresponding decrease m the serum calcium 
concentration which is independent of any alteration in the seium phos- 

7 Denis, W, and Minot, AS A Study of Phosphate Retention from the 
Standpoint of Blood Analysis, Arch Int Med 26 99 (July) 1920 

8 Schmitz, H W , Rohdenburg, E L, and Myers, V C The Inorganic 
Phosphorus and Calcium of the Blood in Nephritis, Arch Int Med 37 233 
(Feb) 1926 

9 de Wesselow, O L V On the Phosphorus and Calcium of the Blood in 
Renal Disease, Quart J Med 16 341, 1923, The Immediate Prognosis in Nephri- 
tis With Some Remarks on Uremia, Lancet 2 163, 1923 

10 Sahesen, H A, and Linder, G C Observations on the Inorganic Bases 
and Phosphates in Relation to the Protein of Blood and Other Bodi Fluids in 
Bright’s Disease and in Heart Failure J Biol Chem 58 616 1923 
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pliate level Roiia and Takahashi seveial yeais befoie, and many 
obseiveis since that time, had established the partition of seiuni calcium 
into diftusible and nondiftusible fi actions, the latter being m all proba- 
bility m combination with serum protein This observation was borne 
out by the work of Salvesen and Linder Not only did they find a 
parallelism between changes m seiuni protein and calcium, but they also 
noted that the calcium content of practically piotein-free edema fluids 
m lenal and caidiac disease coi responded closely to the diftusible fi ac- 
tion of the serum calcium Howevei, the values (from 50 to 70 per 
cent) given by them as noimal foi this fi action aie highei than those 
accepted at the present time The obseivation was made that in two 
patients with uiemia the deciease in calcium was out of propoition to 
the fall 111 protein and that m such cases the degree of hypocalcemia 
was propoitional to the increase in serum phosphate Since then Loeb 
and Nichols^- and Hastings, Muiray and Sendioy’-^ have shown that 
the solubility of calcium in both tiue and artificial serum is increased by 
proteins, piobably through the foimation of an un-ionized, nondiftusible 
calcium-piotein complex It would theiefore be expected that any 
diminution in seium piotein, other things being equal, should be asso- 
ciated with a decrease in the concentiation of seinm calcium, the diminu- 
tion occurimg entiiely iii the nondiftusible fiaction Such findings haie 
been leported in nephiitis and nephrosis by Liu,’‘ Scnver,^'^ Cantaiow,^® 
Peters and Eiseison and Bennett, Dodds and Robeitson 


11 Rona, P, and Takaliashi, D Beitrag zui Frage nach den Vcrhallen des 
Calciums m Serum, Biochem Ztschr 49 370, 1913 

12 Loeb, R F On the Diffusibility of the Calcium of Blood Serum 
Through Collodion Membranes The Effect of Sodium Chloride and Changes 
in Hydrogen-Ion Concentration, J Gen Physiol 6 453, 1924, The Effect of 
Pure Protein Solutions and of Blood Serum on the Diffusibilty of Calcium, ibid 
8 451, 1926 Loeb, R F , and Nichols, E G Factors Influencing Diffusibilih 
of Calcium in Human Blood Scrum, J Biol Chem 72 687, 1927, Effects of 
Dialysis and of Ether Extraction on Diffusibihly of Calcium in Human Blood 
Serum, ibid 74 645, 1927 

13 Hastings, A B , Murray, C D , and Sendroy, J , Jr Studies of Solu- 
bility of Calcium Carbonate in Salt Solutions and Biological Fluids J Biol 
Chem 71 723, 1926-1927 

14 Liu, S H The Partition of Serum Calcium into Diffusible and Non- 
diffusible Portions, Proc Soc Exper Biol & kled 24 817, 1927, Chinese T 
Physiol 1 331, 1927 

15 Scriver, W deM Observations on the Excretion of Calcium m Two 
Cases of Nephrosis Treated with Paiathvroid Extract, J Clin Investigation 6 


16 Cantarow A Calcium Metabolism and Calcium Theiapy, Philadelphia, 
Lea & Febiger, 1931, p 97 

17 Peters, J P, and Eiserson, L The Influence of Protein and Inorganic 
Phosphorus on Serum Calcium, J Biol Chem 84 155, 1929 

^ Robertson, J D The Conception of 

\ephrosis Observations on Ihree Fata! Cases, Quart J Med 24 239. 1931 
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ScAcral authors haAC attempted to show some relationship between 
the serum calcium level and uremic manifestations Bennett reported 
a case with serum calcium values ranging between 5 9 and 6 6 mg and 
inorganic phosphorus from 6 2 to 8 5 mg per hundred cubic centimeters, 
the carbon dioxide combining power of the blood plasma A^arying from 
56 to 12 6 per cent by volume The low calcium concentration persisted 
throughout the \ariations in the degree of acidosis, and the author 
expressed his belief in the possible existence of a relationship between 
the neuromuscular phenomena of uremia and those of tetany Similarly, 
de W esselow ° stated that the hypocalcemia of nephritis with uremia, 
associated with phosphate retention, may be the underlying cause of the 
generalized tremors and localized twitchings commonly observed in 
such patients Schmitz, Rohdenburg and Myeis ® found that nine of 
thirteen patients with renal disease with serum calcium values below 
7 mg exhibited convulsions or muscular twitchings, and they concluded 
that a relatively high proportion of cases of terminal glomerulonephritis 
presenting these manifestations are found to have subnormal serum 
calcium concentrations 

It is unfortunate that until comparatively recently no attempt was 
made to identif}^ accurately the true nature of the renal lesion and meta- 
bolic disturbance in patients with renal disease associated with hypo- 
calcemia In nephrosis and m nephritis with a superimposed nephrotic 
lesion, hypocalcemia, when present, is due largely to the diminution in 
serum protein ivhich commonly occurs in association with degenerative 
kidne}^ lesions In advanced chronic glomerulonephritis with renal 
failure, on the other hand, hypocalcemia, when present, is primarily a 
result of an increase in the concentration of serum phosphate The 
relationship between the concentrations of protein, calcium and phos- 
phorus in serum has been defined by Peters and Eiserson by the 
equation Ca = 7-|- 0 556 protein — 0 255 P, which is applicable in 
conditions not associated with any primary disturbance of calcium phos- 
phate metabolism Advances in knowledge of the factois involved in 
the maintenance of the normal calcium and phosphorus concentrations 
in the blood have greatly clarified the understanding of the changes in 
those elements which occur in renal disease Very few data are aiail- 
able, however as regards the distribution of calcium and phosphorus 
between the blood and cerebrospinal fluid in various types of renal dis- 
ease Such data should aflord some insight into the distribution of 
calcium and phosphorus in the tissue fluids and, consequently, might 
shed some light on the significance of hypocalcemia in nephntis and 
on its relation to the development of certain clinical manifestations of 
uremia 

19 Bennett, T I Some Problems of Nephritis, Lancet 1 535, 1928 
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The piesent study consists of an analysis of fouiteen cases of 
advanced g-lomerulonephiitis with memia The lepoited data consist 
of the following determinations blood cieatimne, total serum piotein, 
seium albumin and globulin, scium calcium, serum phosphate, plasma 
caibon dioxide combining powet and cerebrospinal fluid calcium and 
phosphate The piotein content of the ceiebiospinal fluid was not 
detei mined quantitatn el} , but m no case was an increase evidenced by 
the Noguchi qualitative method All blood and cei ebrospmal fluid 

Rclalioushtp Bctzvccu Coiueitti atioiis of Calcium and Pliospliot us in Blood 
Sciunt and Ceiebiospinal rinid in Fouiteen Patients zvitli Advaneed 
R'cphiitis tilth and Without IIvpopi oteineinia 
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50 7 

3b 2 


studies m each case weie made on specimens withdiavn simultaneousl} 
Total serum proteins were determined by a micio-Kjeldahl method 
employing diiect nessleiization,-'’ serum albumin by the method of 
Howe and serum globulin by subtracting albumin fiom scium piotein 
Calcium determinations were made by the Claik-Collip modiflcation of 

20 Hawk, P B, and Bcrgeim, O Practical Physiological Chemistry, ed 
10, Philadelphia, P Blakiston^s Son & Company, 1931, p 449 

21 Howe, P E The Determination of Proteins in Blood A Micro 
Method, J Biol Chem 49 109, 1921 
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the Kramei-Tisdall procedure, and inorganic phosphorus by the method 
of Fiske and Subbarow Creatinine was determined b}'^ the method of 
Fohn,-^ and the plasma carbon dioxide capacity by the manometiic 
method of V an Slyke -® 

All of the patients in this series exhibited high grades of nitrogen 
retention, the blood creatinine values ranging from 3 4 to 23 4 mg per 
hundred cubic centimeters, all but one (case 14, J W ) being above 9 6 
mg All presented features chaiacteristic of chronic glomerulonephritis, 
SIX (cases 9 to 14) showing evidence of superimposed nephrotic lesions 
Musculai hypenrritabihty was present in cases 1, 5, 7, 8, 10 and 12, 
manifested by geneiahzed tremors, localized muscular twitchings or 
geneiahzed or localized convulsions 

SERUM PROTEINS 

The total serum protein concentration ranged from 3 05 to 7 24 Gm 
pel hundred cubic centimeters, serum albumin from 1 38 to 4 62 Gm 
and serum globulin from 1 67 to 3 16 Gm Edema of vai^nng degree 
was present in cases 9 to 14, the total serum protein content in this 
group langmg from 3 05 to 4 34 Gm , the seium albumin from 1 38 to 
2 15 Gm and the seium globulin from 1 67 to 2 19 Gm These findings 
are m accord with the observations of most recent investigators, which 
indicate that edema is usually present with serum albumin values below 

2 Gm per hundred cubic centimeters if the total protein concentration is 
below 5 Gm (Leiter The serum protein content bore no discernible 
relation to the degiee of renal insufficiency 

SERUM AND CEREBROSPINAL FLUID PHOSPHATE 

The inorganic phosphorus concentration of the serum varied from 

3 5 to 18 7 mg pei hundred cubic centimeters, being above 7 mg in all 
but one case (case 14) The degree of hyperphosphatemia loughly 
paralleled the degree of creatinine retention and of acidosis as indicated 
b\ the diminution m the carbon dioxide combining power of the blood 
plasma The latter relationship, however, was not invariable, for cases 

22 Clark, E P , and Collip, J B A Study of the Tisdall Method for the 
Determination of Blood Serum Calcium with a Suggested Modification, J Biol 
Chem 63 461, 1925 

23 Fiske, C H , and Subbarow, Y The Colorimetric Determination of 
Phosphorus, J Biol Chem 66 375, 1925 

24 Folin, O Laboratory Manual of Biologic Chemistry, ed 4, New York, 
D Appleton & Company, 1927, pp 165 and 243 

25 Van Shke, D D Portable Form of Manometric Gas Apparatus and 
Certain Points m Technique of its Use, J Biol Chem 73 121, 1927 

26 Leiter, L Nephrosis, Medicine 10 182, 1931 
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3, 4, 12 and 13, with seium phosphate concentrations of 86, 8 8, 84 
and 8 4 mg, lespectively, had carbon dioxide capacity values ranging 
fiom 16 to 31 pel cent by volume Fuithermore, in case 12, with a 
caibon dioxide capacity of 19 per cent by volume, the serum phosphate 
lias 84 mg per bundled cubic centimeters, wheieas in case 1, with a 
serum phosphate concentration of 18 7 mg , the highest observed in 
this series, the plasma caibon dioxide capacity ivas 29 pei cent by 
volume Obviously, factors othei than phosphate retention are of 
importance in the production of a diminished alkali leserve in nephritis 
Chief among these appear to be (cr) impaiiment of the ammonia-form- 
ing function of the kidneys, as demonstrated by Palmer and Hender- 
son'^ and by Van Sl 3 d<e and his co-woikeis,-® and (&) depletion of the 
arailable base supply of the body by excessive elimination of base m 
the urine, as shown by Linder and Salvesen 

The 11101 game phosphorus of the cerebi ospinal fluid vaiied from 
1 1 to 7 2 mg per hundred cubic centimeters, the ratio of ceiebrospinal 
fluid to serum phosphorus langing fiom 31 1 to 42 4 per cent (aveiage 
38 2 per cent) These figures aie in agreement with those of Meiritt 
and Bauer, who found this ratio to lange from 31 to 45 per cent 
(average 38 per cent) in a group of patients with nonsuppurative disease 
of the cential nervous system They are somewhat lower than those 
reported by Hamilton,®- which averaged 50 per cent If one accepts 
the premise that the cerebrospinal fluid is a dial} sate of the blood plasma, 
It follows that the serum phosphorus is diffusible to the extent of about 
30 to 45 per cent These observations emphasize the difficulty of intei- 
preting results obtained by m vitro diffusibility studies, and the fallacy 
of accepting results obtained by such methods as indicative of conditions 
of diffusibility existing in the living body For example, Pincus, Peter- 

27 Palmer, W W , and Henderson, L J A Study of Several Factors of 
Acid Excretion in Nephritis, Arch Int Med 16 109 (July) 1915 

28 Van Slyke, D D , Linder, G C , Hiller, A , Leiter, L , and McIntosh, 
J F The Excretion of Ammonia and Titrable Acid in Nephritis, J Chn Iin esti- 
gation 2 255, 1926 

29 Linder, G C The Effect of Mineral Acid on Acid-Basc Regulation in 
Health and in Nephritis, Quart J Med 20 285, 1927 

30 Salvesen, H A Variations in the Serum Electrocjtes in Diseases of 
Renal Origin with Special Reference to the Cause of Renal Acidosis, Acta med 
Scandmav 69 126, 1928 

31 Merritt, H H , and Bauer, W The Equilibrium Between Cerebrospinal 
Fluid and Blood Plasma III The Distribution of Calcium and Phosphorus 
Between Cerebrospinal Fluid and Blood Serum, J Biol Chem 90 215, 1931 

32 Hamilton, B A Comparison of the Concentrations of Inoiganic Sub- 
stances in Serum and Spinal Fluid, J Biol Chem 65 101, 1925 
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son and Kramer,®® employing ultrafiltration thiough artificial membranes, 
found that the inorganic phosphorus content of the seium and ultra- 
filtrate were piacticall} identical, indicating that serum phosphate is 
completely diffusible This marked discrepancy can be interpreted only 
as indicating the distinct diffeience that exists between m vivo and in 
vitro diffusibihty This observation, pointed out b-s me m preMOus 
communications dealing with calcium diffusibihty, has not been suffi- 
ciently emphasized in the hteiature 

The data reported here, as well as those of Merritt and Bauer 
and Hamilton,®® suggest that the in vivo diffusibihty of phosphoius is 
influenced by the serum protein content, as is that of calcium This 
hypothesis is further supported by the findings of Merritt and Bauer ®^ 
in meningitis, in which condition an increase m the cerebrospinal fluid 
protein concentration w'^as associated with an increase in the ratio of 
cerebrospinal fluid to serum phosphoius from the normal aveiage of 38 
per cent to an average of 49 per cent Grollman ®® found that whereas 
normally all of the serum phosphate was filtrable, in conditions of hyper- 
calcemia, as induced by the injection of parathormone, only 63 per cent 
was filtrable In a case of hypoparathyroidism lefeired to by Albright, 
Bauer, Cockrill and Ellsworth,®® as the difference between the serum 
calcium and cerebrospinal fluid calcium diminished, the difference 
between the coi responding levels of phosphorus increased, and vice 
versa, suggesting, as stated by the authors, that in hypoparathyroidism 
the inactivated (nondiffusible) calcium decreases and the inactivated 
(nondiffusible) phosphorus increases No such relationship is evidenced 
in the present series, there being no apparent reciprocal correlation 
between the ratios of calcium and phosphorus in cerebrospinal fluid and 
blood serum The problem in nephritis, however, is complicated by the 
variation in serum protein which does not play an important part in 
the disturbance of calcium-phosphate equilibrium in parathyroid dys- 
function The constancy of the cerebrospinal fluid-blood serum phos- 

33 Pincus, J B , Peterson, H A , and Kramer, B A Studj bv Means of 
Ultrafiltration of the Condition of Several Inorganic Constituents of Blood Serum 
m Disease, J Biol Chem 68 601, 1926 

34 Cantarow, A Calcium Studies V The Relationship Between the Cal- 
cium Content of Cerebrospinal Fluid and Blood Serum, Arch Int Med 44 670 
(Nov) 1929, The Diffusibihty of Calcium in Bronchial Asthma and Allied Dis- 
orders and in Pulmonary Tuberculosis, Am J M Sc 179 497, 1930 

35 Grollman, A J The Condition of the Inorganic Phosphorus of the 
Blood with Special Reference to the Calcium Concentration, J Biol Chem 72 
565, 1927 

36 Albright, F , Bauer, W , Cockrill, J R, and Ellsworth, R Studies on 
the Physiologj' of the Parathyroid Glands II The Relation of the Serum 
Calcium to the Serum Phosphorus at Different Levels of Parathyroid Activity, 
J Chn Investigation 9 659, 1931 
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phorus ratio in this group of patients may be only apparent, the 
influence of the varying serum piotein concentration being masked by 
simultaneous variations m the calcium content of serum and cerebro- 
spinal fluid 

SETtUM AND CEREBROSPINAL FLUID CALCIUM 

The serum calcium concentration in the entue gioup vaiied from 
6 84 to 9 02 mg pei hundred cubic centimeteis, the average being 7 89 
mg In tne eight patients with noimal total piotem values, the seium 
calcium ranged from 7 02 to 9 02 mg, avei aging 8 26 mg , in the six 
patients with hypopioteinemia the seium calcium langed^ fiom 6 84 to 
8 25 mg, the aveiage being 7 41 mg These subnoiinal values aie in 
agreement with those prewously repoited and refeiied to They 
illustiate giaphically the influence of the serum proteins and phosphate 
on the seium calcium concentiation In the gioup of eight patients with 
normal sei um pi oteiii \ allies (cases 1 to 8) , the calcium values are slightly 
higher than in the othei six patients owing to the fact that in the 
foimei h}peiphosphatemia alone is exeiting a h 3 ’’pocalcemic influence, 
u hereas in the latter the existence of a superimposed state of hypopi o- 
teinemia exaggerates the eftect of the inci eased phosphate concentiation 
It is interesting to note the close agreement of the obseived average 
serum calcium concentiation uith the calcium value calculated fiom the 
piotein and phosphorus concentiations on the basis of the formula 
suggested by Peteis and Eiserson 3 02464 (0 556 protein) • — 2 01195 
(0 225 P) -f- 7 = 801 (Ca) The calculated value, 8 01 mg, is onl} 
1 5 per cent (0 12 mg ) higher than the obsened value, 7 89 mg, sub- 
stantiating the fundamental integrity of the quantitative expiession of 
the equilibrium between serum protein, phosphate and calcium as 
elaborated by Peters and Eiseison^" 

The ceiebiospinal fluid calcium concentiation in the entue senes 
ranged from 3 26 to 5 05 mg per bundled cubic centimeteis, avei aging 
3 98 mg Eliminating fiom consideration case 14, m which the seium 
and spinal fluid phosphate concentrations weie within nominal limits, 
the highest spinal fluid calcium value was 4 31 mg In cases 1 to 8, 
with h} perphosphatemia but with noimal seium protein values, the 
spinal fluid calcium values ranged fiom 3 26 to 4 32 mg, avei aging 
3 81 mg , m cases 9 to 13, with both hypeiphosphatemia and hypopio- 
teinemia, the spinal fluid calcium vaiied from 3 82 to 4 31 mg, aver- 
aging 405 mg , 111 case 14, with normal serum phosphate and low seium 
protein rallies, the spinal fluid calcium was 5 05 mg The noimal lange, 
as obtained in a large series of cases previously leported,^^ is fiom 


37 Cantarow, A Calcium Studies IV The Calcium Content of 
spinal Fluid, Arch Int Med 44 667 (Nov ) 1929 


Cerebro- 
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4 5 to 5 5 mg, constituting from 45 to 55 per cent of the total seiiiin 
calcium concentration It appears that in nephritis with hyperphospha- 
temia the cerebrospinal fluid calcium concentration is subnormal 
That this decrease is dependent on an increase m serum phosphate rather 
than on a diminution in serum protein is evidenced by tlie normal le^el 
obseived in case 14 and by the observation that the aveiage spinal fluid 
calcium concentration m cases 9 to 13 was higher than in cases 1 to 8, 
despite the fact that m the former gioup the serum calcium and serum 
protein values were distinctly lower than in the latter It seems, theie- 
fore, that the concentration of nondiffusible calcium (protein-bound) 
has little 01 no influence on the diftusibihty of calcium in nephritis, the 
ceiebrospinal fluid calcium level being independent of changes in the 
total serum calcium level caused by variations in the serum protein 
concentration This is in accord with the generally accepted conception 
of the partition of serum calcium into diffusible and nondiffusible 
components 

The ratio of cerebrospinal fluid to serum calcium ranged fiom 41 1 
to 5 1 3 per cent, averaging 46 1 per cent, in the group with normal 
serum piotein values (cases 1 to 8), and fiom 52 0 to 63 0 per cent, 
averaging 56 8 per cent, in the patients with low serum protein \ allies 
(cases 9 to 14) These figuies further emphasize the dependency of 
the ceiebrospinal fluid calcium concenti ation on seium phosphate 
variations and its independence of variations in serum protein 

On analyzing the spinal fluid calcium and phosphate values, it 
appears that there is a roughly reciprocal relationship between these 
two factors, the calcium concentration diminishing as the phosphate 
concentration increases This observation is of great interest m new of 
the similar relationship that exists between these two elements in the 
blood serum It would seem that in nephritis the cerebrospinal fluid 
inorganic phosphorus content is the factor that determines the concen- 
tration of calcium m that fluid m the absence of an increase in its 
protein content 

CEREBROSPINAL FLUID CALCIUM AND MUSCULAR IRRITABILIT\ 

IN UREMIA 

The relationship between the serum calcium level and manifestations 
of muscular hyperirritabihty in uremia has attracted consideiable atten- 
tion,®® as was indicated previously Several observers have suggested 
that the muscular twitchings and generalized tremors that cominonh 
occur in uremia may be dependent on a state of hypocalcemia This 
relationship, hovei’-er, has not been found to be constant, one leason 

38 Schmitz, Rohdenburg and Miers (footnote S) de Wesselow (footnote 9) 
Bennett (footnote 19) 
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pel haps being the almost umveisal failuie, until lecently, to distinguish 
hypocalcemia dependent on hypoprotememia fiom that dependent on 
hyperphosphatemia Very few data aie available legaidmg the diff risi- 
bility of calcium m uremia Pmcus, Peteison and Kiameiy^"® on the basis 
of ultiafiltiation experiments, stated that the decrease in seiuni calcium in 
nephritis occuis only in the nondiffusible fi action However, their data 
include one case of uiemia, with convulsions, m which, with a seium 
phosphoius value of 15 6 mg per hundied cubic centimeters, the seium 
calcium was 6 3 mg , of which only 2 8 mg was ultiafiltiable, an obserra- 
tion that contiadicts the foiegomg statement In view of the fact that 
only the diffusible fraction of seium calcium is behered to be concerned 
with the maintenance of normal musculai ii i liability, the i elation of the 
cerebrospinal fluid calcium concentiation to disturbances of this function 
ma} be of significance 

In the piesent senes, generalized or localized convulsive seizuies, 
generalized tremors or localized muscular twitchings occurred in cases 
1, 5, 7, 8, 10 and 12, with spinal fluid calcium values of 3 47, 3 65, 
3 26, 3 75, 3 82 and 3 96 mg, lespectnely It is interesting to note 
that m none of these cases was the total seium calcium concentration 
below 7 mg , and that in two instances it was abo\ e 8 mg In only one 
case (case 4) with a spinal fluid calcium content below 4 mg (3 83 
mg ) were these manifestations of hypeiirntability absent This appai- 
ent lelationship may be purely accidental It, however, rests on a much 
more logical basis than does the relationship between such manifesta- 
tions and the serum calcium lerel 

If the muscular hypei irritability of uremia is dependent on a diminu- 
tion m the concentration of calcium in the spinal fluid or tissue fluids, 
the mechanism of its production must differ fundamentally from that 
operative m parathyroid tetaii} It is true that in the lattei condition 
studies of the m vitro diffusibihty of calcium i eveal a diminution in the 
ultrafiltrable or dialyzable fraction Plowevei, studies of the m mvo 
diffusibihty of calcium, as ewdenced by the cerebrospinal fluid calcium 
concentration, yield quite different results For example, Cameron and 
Moorhouse^® found that in acute tetany both seium and spinal fluid 
calcium tend to approach the same low level, indicating, apparently, 
that the decrease m diffusible calcium is relatively slight, whereas the 
nondiffusible calcium may entiiely disappear Similar findings have 

39 Cameron, A T , and Moorhouse, V H K The Tetany of Paratlivroid 
Deficiency and the Calcium of the Blood and Cerebrospinal Fluid, J Biol Chcm 
63 687, 1925 



992 


ARCHIVES OF INTERNAL MEDICINE 


been leported by Meintt and Bauer in human beings and by Morgulis 
and Perley in dogs These observations emphasize the necessity for 
distinguishing sharply between diffusibihty through living membranes, 
in contradistinction to artificial membranes 

Further evidence of the fundamental difference between uremic and 
tetanic phenomena is furnished by the work of Bmger,® who showed 
that when basic or neutral phosphates are injected intravenously in 
amounts sufficient to lowei the seium calcium, tetany results, but not 
if acid phosphates aie employed Since the hyperphosphatemia of 
advanced renal functional insufficiency is invariably associated with 
acidosis and with an increase m the proportion of acid phosphate in 
the blood and tissue fluids, the condition is analogous to that existing 
in the acid phosphate injection experiment of Bmgei ® Furthermore, 
the muscular hyperirritabihty of tetany is associated with a lowered 
threshold of excitability by electrical stimulation, a phenomenon that has 
not often been observed in uremia In this fact may reside the essential 
difference between the two hyperiintable states 

SUMMARY 

1 FI}pocalcemia in advanced nephritis is dependent on hyperphos- 
phatemia, hypoproteinemia or both 

2 The degree of hyperphosphatemia roughly parallels the degree of 
cieatinme retention and acidosis, the lattei less consistently than the 
former The ratio of cerebrospinal fluid to serum phosphate ranged 
fiom 311 to 42 4 per cent, averaging 38 2 per cent These figuies 
fall within normal limits 

3 The in vivo diffusibihty of phosphorus appears to be influenced 
by serum protein as is that of calcium, w hereas its diffusibihty through 
artificial membranes is apparently not so influenced 

4 There is no appaient reciprocal lelationship between the ratios of 
calcium and phosphorus m cerebrospinal fluid and blood serum as exists 
in paiathyroid dysfunction The problem is complicated, however, by 
the variation m serum protein, which does not play an essential part 
in the disturbance of calcium-phosphate equilibrium in parathyroid 
dysfunction The constancy of the cerebrospinal fluid-blood serum 
phosphorus ratio m nephritis may be only apparent, the influence of 
the varying serum protein concentration being masked by that of 

40 Merritt, H H , and Bauer, W The Equilibrium Between Cerebrospinal 
Fluid and Blood Plasma IV The Calcium Content of Serum, Cerebrospinal 
Fluid and Aqueous Humor at Different Levels of Parathyroid Activity, J Biol 
Chem 90 233, 1931 

41 Morgulis, S , and Perley, A M Studies on Cerebrospinal Fluid and 
Serum Calcium, with Special Reference to Parathyroid Hormone, J Biol Chem 
88 169, 1930 
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simultaneous variations in the calcium content of spinal fluid and 
blood seium 

5 The serum calcium concentration langed from 6 84 to 9 02 mg 
pel hundred cubic centimeters, being lowest in the group of patients 
with coincident hypoproteinemia and hyperphosphatemia The obsei ved 
serum calcium values are in close agi cement with values calculated fiom 
the piotem and phosphorus concentrations on the basis of the formula 
suggested by Peters and Eiseison 

6 The cerebrospinal fluid concenti ation langed from 3 26 to 5 05 mg 
pel hundred cubic centimeters, averaging 3 98 mg In thirteen cases 
of hypei phosphatemia the highest spinal fluid calcium value was 4 31 mg 
The decrease in this factor is dependent on an inciease in serum phos- 
phate rathei than on a decrease in serum protein 

7 Theie is a roughly reciprocal relationship between the concenti a- 
tions of calcium and phosphoius in the spinal fluid, as m the blood seium, 
the calcium content diminishing as the phosphate content increases 

8 There appears to be some lelationship between the cerebrospinal 
fluid calcium concentration and manifestations of muscular hypei in ita- 
bihty in uremia, such manifestations occurring with spinal fluid calcium 
values below 4 mg per hundred cubic centimeters The mechanism 
of production of these phenomena m uremia differs fundamentally fiom 
that operative in parathyroid tetany 

9 These observations emphasize the distinction that must be made 
between diffusibihty of calcium and phosphorus through living mem- 
branes, in contradistinction to artificial membranes 



CARDIAC OUTPUT FOLLOWING ARTIFICIAL PNEU- 

IMOTHORAX IN MAN 

DICKINSON W RICHARDS, Jr, MD 
CONSTANCE B RILEY, BA 

AND 

MABELLE HISCOCK, BA 

NEW YORK 

Measurements of the caidiac output and of ceitain other cnculatory 
and respiiatoiy functions have been made m three cases ^ of pulmonaiy 
tubeiculosis both befoie and duiing the establishment of artificial pneu- 
mothoiax All three patients were young men and had modeiately 
advanced lesions of one lung, the light m patients F S and A G , the 
left m patient DR Summaiies of the histones and clinical findings 
are given at the end of the aiticle 

Relatively large insufflations of an were given each time, the attempt 
being made to collapse the lung rapidly, in order to demonstrate as cleaily 
as possible the effects of this pioceduie on the circulation Nine hun- 
dred, 800 and 800 cc were injected into patient D R , with a foui day 
interval between the fiist and second injections and three days between 
the second and thud Patient F S received 700, 500, 600 and 600 cc , 
the inteivals between injections being two, two and three days The 
third patient, A G , received about 500 cc trvice a week, a total of 4,750 
cc being given in foui and a half weeks 

The various measuiements that weie made and the data obtained are 
listed 111 the accompanying table, and the moi e impoi tant changes occur- 
iing duiing the couise of the pneumothorax production in case 3 aie 
summarized in the accompan}mg chait 

TECHNIC 

It IS to be noted that the cases were not treated just alike The respiratory 
and circulatory studies on D R were made not under basal conditions, but with 
the patient at rest in bed, three or four hours after the last meal The technic 

Submitted for publication. Sept 29, 1931 

From the Department of Medicine of the College of Phjsicians and Surgeons 
and the Presbjdenan Hospital 

1 These patients were in the tuberculosis seriice of Dr James A Miller at 
Bellevue Hospital, and were transferred temporarilj' to the Presbyterian Hospital 
where the studies here reported were made The assistance and cooperation of 
Dr Aliller and members of his staff were received throughout the course of the 
work 
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for obtaining expired air, alveolar air and mixed venous tensions has been described 
in previous papers - Arteriovenous differences in carbon dioxide content were 
obtained by plotting the aUeolar and (oxjgenated) mixed venous tensions on a 
carbon dioxide dissociation curve of the patient’s blood (venous blood being used in 
this case) The blood flow was thus determined by the Fick principle Blood for 
the serum electrolyte determinations was drawn under basal conditions , these 
determinations were made b}'- Miss E M Benedict, using the methods described by 
Atchlej and Benedict ® 



Changes in the circulatory and respiratory functions of A G (case 3) following 
pneumothorax The figures at the top of the diagram indicate the amounts of air 
injected each time and the date when the injection was given 

In the case of patient F S , the experiments were done under basal conditions 
The blood flow determinations also differed from those on patient D R m several 
other respects (1) the actual arterial carbon dioxide content was determined by 
drawing arterial blood (from the brachial artery) shortly after the respiratory 

2 Richards, D W, Jr, and Strauss, M L Circulatory Adjustment in 
Anemia, J Clin Investigation 5 161, 1928, Carbon Dioxide and Oxygen Tensions 
of the Mixed Venous Blood of Man at Rest, ibid 9 475, 1930 

3 Atchley, D W , and Benedict, E M The Distribution of Electrolytes in 
Dogs Following Ligation of Both Ureters, J Biol Chem 73 1, 1927 
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procedure was finished (except m the experiment of January 17) , (2) the arterial 
blood sample was also used for the construction of a point on the oxygenated whole 
blood carbon dioxide curve, (3) the slope of this curve was not determined experi- 
mentally, but was estimated from the oxygen capacity, a justifiable pfocedure,^ espe- 
cially when, as here, relative and not absolute values are important , (4) a special 
effort was made to have the oxygenated mixed venous tensions as accurate as 
possible, two samples being taken at the end of fifteen seconds’, and four at the 
end of twenty seconds’, rebreathing in each experiment , the results were good, at 
least three of the six values being within 0 5 mm of each other in every blood 
flow determination except the first one (January 10) 

Certain minor changes of technic were employed with the third patient, A G 
1 A Tissot spirometer was used to collect expired air instead of a Douglas bag, 
and the patient breathed outside air in all experiments 2 Alveolar air samples 
were used in most of the experiments to give arterial blood carbon dioxide values, 
as the patient had at all times a sufficiently large vital capacity to insure satisfac- 
tory alveolar specimens Arterial blood was also drawn, as a further check on 
the results, on three occasions , m obtaining these samples, care was taken to have 
the patient breathing through the mouthpiece and tubing in the same manner as 
when the expired air and alveolar and venous samples were taken 3 All respira- 
tion experiments were done early in the morning under strict basal conditions 
4 A carbon dioxide dissociation curve was constructed with one sample of venous 
blood, and the slope of this curve was used for the determination of arterial and 
venous blood carbon dioxide contents As the oxygen capacity of successive blood 
samples varied little, the use of this slope for all experiments seemed justified 

The residual air values also call for a word of comment They were calculated 
from the increase, during rebreathing, in nitrogen percentage in the rebrcathed 
carbon dioxide-oxygen mixture that was used for mixed venous tension determina- 
tion , such an increase was, of course, due to the nitrogen in the alveolai air The 
residual air values so calculated are not exact, but give an approximate estimate 
of the changes in residual volume that took place during the course of establish- 
ment of the pneumothorax ^ 

The course of pneumothorax production was followed in each patient by 
repeated fluoroscopic examinations Dr Kenneth B Turner made these exam- 
inations 

Venous pressure measurements were made on patient A G by a technic essen- 
tially that of Moritz and von Tabora ^ The figures given for these pressures are 
m terms of centimeters of water measured from the distal edge of the manubrium 
sterni 


RESULTS 

The finding of particular interest in this study was the consistent and 
progiessive lowering of cardiac output that took place in all three cases 
as the establishment of unilateral pneumothoiax progressed There was 
a corresponding increase in the arteriovenous carbon dioxide (and oxy- 
gen) differences The amount of the decrease m volume flow of blood 
was not great, but was well outside the experimental error of the method 
In general, the decrease in blood flow seemed roughly propoitional, m 


4 Moritz F and von Tabora, D Ueber em Methode beim Menschen den 
98'47V"l9K)" bestimmen, Deutsches Arch f klm Med 



998 


ARCHIVES OF INTERNAL MEDICINE 


the three cases, to the degree of collapse of the lung, though the data 
were not enough to make this indication definite 

In the two cases (cases 2 and 3) in which blood studies were made, 
it will be noted that there was a fairly satisfactory correspondence 
between alveolar and arterial carbon dioxide values, except in the last 
arterial blood sample taken on AG (case 3) In this case theie was 
almost certainly an error in the determination of the blood carbon dioxide 
curve, no obvious break in technic, however, was detected 

In the one case m which it was measured, the venous pressure did 
not change appreciably during the course of the pneumothorax The 
arterial blood pressure showed no consistent variation in any of the 
three cases There were no significant alterations in the total oxygen 
consumption or the carbon dioxide output The pulmonary ventilation 
increased only slightly toward the end of the senes of air insufflations 
The vital capacity and residual air volumes diminished progressively 
These observations are consistent with previous work ® 

Patient D R showed a slight fall in alveolar carbon dioxide tension 
four hours after a 900 cc pneumothorax injection, F S and A G had, 
during the time m which they were receiving pneumothorax treatments, 
a gradual and steady fall in arterial carbon dioxide content and in 
alveolar and arterial carbon dioxide tensions This phenomenon was 
reported seveial years ago by Meakms and Davies® 

In respect to the oxygen saturation of the arterial blood, the results 
on F S differed from those on A G As shown m the accompanying 
table, the former developed a definite, though slight, arterial oxygen 
unsaturation, while the latter retained his normal arterial saturation 
percentage, except in the last experiment Arterial oxygen unsaturation 
did not occur in any of Meakms and Davies’ cases We have been 
inclined to associate its occurrences in F S with the rapidity with which 
the lung collapse was accomplished Clinically, both F S and A G 
showed mild but unmistakable cyanosis of the nail beds and bps during 
the latter pait of their course of treatment The explanation for this 
in the case of A G , whose arteiial saturation was normal, was perhaps 
the decrease in blood flow, with an increased tissue utilization of oxygen 
and a decreased venous oxygen content 

5 Means, J H , and Balboni, G M Respiration in Pneumothorax, J Exper 
Med 24 671, 1916 Le Blanc, W Respiratorischer Gasaustausch und Lungen- 
durchblutung, Beitr z Klin d Tuberk 50 21, 1922 Meakms, I C , and Davies, 
H W Respiratory Function in Disease, Edinburgh, Oliver & Boyd, 1925 
Myers, J A , and Bailey, W Vital Capacity Test in Artificial Pneumothorax 
Therapy, Am Rev Tuberc 10 597, 1925 Anthony and Heme Spirographische 
Untersuchungen bei Lungenkollaps, Beitr z Klin d Tuberk 71 362, 1929 , 73 51, 
1929 


6 Mealvins and Davies (footnote 5) 
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Fluoroscopic observations showed the usual changes in the lung, 
mediastinal and diaphragmatic shadows following pneumothorax Lung 
collapse was less complete and lung expansion was greater m A G dur 
mg respiration than in the other two cases, on account of an adhesion 
between the lung and the wall of the chest Mediastinal displacement 
was also less Patients F S and A G showed a “paradoxical” move- 
ment of the diaphragm on the affected side after the later insufflations 
of air In all cases, there were lowered mean position and decreased 
mobility of the diaphragm on the affected side 

There was a delayed but distinct rise in the oxygen capacity of the 
blood of A G as pneumothorax progiessed This increase was also 
reported by Meakins and Davies “ in their series The other two 
patients, DR and F S , were not followed long enough for this change 
to make itself apparent 

In the serum electrolyte values, which were done on patient D R , 
twenty-four hours after his first (900 cc ) pneumothorax, there seemed 
to be no changes except for a slight general increase in electrolyte con- 
centrations The significance of tins is not clear 

COMMENT 

Much work has been done on the problem of the effect of lung col- 
lapse on the volume flow of blood through the lungs in animals For 
unilateral pneumothorax expeiiments, rabbits have been found more 
satisfactory than dogs, on account of the loose, and often perforate, 
mediastinum in the latter animal The best of the eailier work on this 
subject was that of Bruns This investigator found that after closed 
unilateral pneumothorax in rabbits, the arterial oxygen satuiation was 
normal or nearly so, and he inferred a decreased blood flow through the 
collapsed, nonfunctioning lung Bruns also found that collapse of one 
lung deci eased by about 25 per cent the flow of blood perfused through 
the pulmonary circuit at constant pressure 

Most of the earlier investigations were reviewed and much careful 
original work was reported in an article published by Weiss ^ m 1926 
Aftei considering all available data, Weiss was able to state definitely 
that the flow through the collapsed lung, in both open and closed pneu- 
mothorax in rabbits, was greatly diminished The figures on the total 
blood flow through the pulmonary circuit were somewhat less uniform, 

7 Bruns, O Ueber den respiratonschen Gaswechsel bei Erkrankungen der 
Lunge, Deutsches Arch f klm Med 107 468, 1912, Ueber die Blutzirkulation in 
der atelektatischen Lunge, ibid 108 469, 1912 

8 Weiss, R Ueber die Durchblutung der Kollapslunge beim experimentellen 
Pneumothorax, Ztschr f d ges exper Med 53 138, 1926 
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but the great majority of these also showed a decrease following pneu- 
mothorax 

In man, so far as we are aware, no direct measuiement of blood 
flow before and after pneumothorax has pieviously been leported 
LeBlanc,® however, m three of four cases in which the oxygen contents 
of artenal and of venous blood were measured, found an increase in 
the arteriovenous oxygen difference 

If, therefore, a deciease in pulmonary blood flow is the rule follow- 
ing lung collapse, the question arises as to the cause of this phenomenon 

There is the possibility that the increase m mtrathoracic pressure 
following pneumothorax may be a cause of a decreased flow of blood 
into the thorax That this factor is not a deciding one, however, is 
convincingly shown by the recent experiments of Moore This investi- 
gator produced lung collapse m dogs by clamping off one main bronchus, 
with resulting complete atelectasis of that lung By this technic the 
mtrathoracic negative pressure would tend to be exaggerated rather than 
reduced Of six such experiments in which the left bronchus was tied 
off, five showed a decreased total blood flow, while all of the seven in 
which the right bronchus was tied showed a decrease 

Whether the displacement of the mediastinum that occurs with lung 
collapse may produce embarrassment of the heart action and thus a 
decrease in the cardiac output is a question on which little evidence is 
available If such were the case, one would expect an increase in venous 
blood pressure This, however, apparently does not occur to an appre- 
ciable extent m man Of two cases measured, Kroetz found one in 
which the venous pressure increased to about the same extent as the 
mtrathoracic pressure, in other words, the “effective venous pressure” 
was maintained In the other case Kioetz found a smaller rise than 
this in venous pressure In our case 3, the rise in venous pressure fol- 
lowing pn^’umothorax was insignificant In experimental pneumothorax, 
venous pressure changes are apparently a more important factor 
(Tsunoda 

The chief cause for the decrease in total cardiac output following 
lung collapse is probably a decrease in the vascular bed and a cor- 
lespondmg increase in resistance in the collapsed lung The many 
experiments in animals indicating a marked decrease in blood flow 

9 LeBlanc (footnote 5) 

10 Moore, R L The Volume of Blood Flow Per Minute Through the Lungs 
Following Collapse of One Lung by Occlusion of Its Bronchus, Arch Surg 22 225 
(Feb) 1931 

11 Kroetz, C Die Koeffizienten des klinisch-messbaren Venendruckes, 
Deutsches Arch f klin Med 139 325, 1922 

12 Tsunoda, H Ueber die Ursachen der Venendrucksteigerung bei Pneumo- 
thorax, Deutsche Ztschr f Chir 212 198, 1928 
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through the collapsed lung strongly suggest this increase in resistance , 
the most direct of these experiments are the lung perfusions of the type 
carried out by Bruns, as quoted Another phenomenon, noted by Bruns 
and also by Carlstrom,^® that points to an increased resistance in the 
pulmonary circuit when one lung is collapsed is the hypertrophy of the 
right ventricle that occurs after long-standing pneumothorax in animals 

If one accepts the statement that the vascular resistance in the col- 
lapsed lung IS greatly increased, the question arises whether this is due 
simply to a decrease in size of the vascular bed as a result of the collapse 
Itself, or whether there occurs an active constriction of the pulmonary 
blood vessels The perfusion experiments of Bruns, which were carried 
out on animals’ lungs during the half hour immediately after the death 
of the animal, suggest the former Other work has confirmed the find- 
ing of a progressive decrease in flow through the perfused lung when it 
IS reduced from the expanded to the collapsed state , Daly’s recent 
experiments show this clearly Further evidence in the same direction 
IS offered by the interesting work of Coryllos and Birnbaum These 
investigators found that when iodized oil was injected into the jugular 
vein of a dog with unilateral lung collapse, the oil particles were of 
such size that they were caught in the smaller branches of the pulmonary 
artery They noted further that the oil particles were distributed about 
equally between the collapsed and the normal lung When, however, 
India ink was similarly injected, the particles penetrated to the pul- 
monary capillaries, and it was found that the capillaries of the collapsed 
lung contained considerably less of the particles than those of the normal 
lung The authors interpreted this as indicating that the capillaries or 
alveolar blood vessels were the elements of the pulmonary circuit which 
were constricted by lung collapse 

The degree to which the flow through the collapsed lung will be 
reduced, as compared with that through the normal lung, thus depends 
on the relative resistances along these two parallel circuits This phase 
of the problem has been well discussed by Weiss ® 

There remains the possibility of nonmechanical, vasomotor changes 
in the pulmonary blood vessels following pneumothorax On this point 
we have not found evidence in the literature 

It IS perhaps worth noting that if a decreased blood flow is actually 
the rule after aitificial pneumothorax, this phenomenon may well be 


13 Carlstrom, P G Beitrag zur Frage der Wirkung des kunstlichen Pneu- 
mothorax auf Herz und Zirkulation, Beitr z Klin d Tuberk 22 243, 1912 

RQ ^ ® Resistance of the Pulmonary Vascular Bed,’ J Physiol 


15 Coryllos, P N , and Birnbaum, G L The Circulation m the Compressed, 
Atelectatic and Pneumonic Lung, Arch Surg 19 1346 (Dec ) 1929 
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associated with the gradual steady increase in the red blood count and 
hemoglobin that has been shown to occur 

A further consideration, which so far as we know has not been 
stressed before, is the fact that this decrease in cardiac output with an 
increase in peripheral (pulmonary) resistance appears to contradict 
Starling’s “law of the heart,” according to which the heart puts out the 
same volume of blood in spite of wide variations m arterial resistance, 
providing the venous inflow is constant Whether there is actually a 
contradiction here of the law of the heart or whether alterations in 
venous return, or other circulatory function, are a more immediate cause 
for the decreased cardiac output is a question that cannot be discussed 
further with the data available in the present investigation 

Finally, the progressive fall in blood carbon dioxide levels, which 
occurred m F S and A G , requires explanation Meakins and Davies,® 
in discussing this phenomenon in their series of cases, brought evidence 
to show that the carbon dioxide change was associated with the improved 
pulmonary function that followed the clearing of the infiltrative tuber- 
culous process In other words, the original carbon dioxide level was 
high and gradually returned toward normal as the condition of the lung 
improved In the case of our two patients, however, this explanation is 
not satisfactory 1 There was no carbon dioxide “retention,” in the 
sense that carbon dioxide levels at the beginmng were well within normal 
limits The arterial serum pa was also normal 2 The tuberculous 
process in the lungs was not very extensive 3 This process did not 
show any signs of clearing during the period of observation 4 The 
vital capacity and the residual air were both progressively decreasing 
during the period of observation 

It IS of interest to consider the fall of carbon dioxide levels in rela- 
tion to some of the other changes that have been shown to occur follow- 
ing pneumothorax As noted, both the vital capacity and the residual 
air are decreased More significant than these values, however, from 
the point of view of the respiratory exchange, is the fact that the “nor- 
mal capacity” (the volume of air in the lungs at the end of a normal 
respiration) is also diminished (Anthony and Heine ’^'^) With a smaller 
mean lung volume, and the same (or slightly increased) pulmonary ven- 
tilation, one would expect a more complete washing out of the alveolar 
spaces with each respiration and therefore (other things being equal) 
a lower alveolar carbon dioxide tension and a higher oxygen tension in 
the alveolar air If alveolar and artenal carbon dioxide tensions are 
nearly the same, as they are under normal conditions, it follows that 
the aiterial carbon dioxide content will also be reduced The state of the 

16 Meakins and Davies (footnote 5) Bruns (footnote 7) 

17 Anthony and Heme (footnote 5) 
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circulation, however, is not the same the total blood flow through tbe 
lungs IS reduced, and the blood is presumably flowing through a smaller 
capillary bed The latter state, m particular, will make proper gas 
exchange m the lungs more difficult Whether a decreased circulation 
rate through the lungs increases or diminishes the efficiency of oxygen 
and carbon dioxide exchange is not known the greater time of flow 
through pulmonary capillaries will provide for a closer equihbiium 
between blood and lung gases, on the other hand, the pulmonary artery 
blood will be more “venous” and so require a larger gas exchange for 
proper arterialization 

In point of fact, the change in pulmonary circulation did not appear 
to disturb the close equilibrium that exists between alveolar and arterial 
carbon dioxide tensions, with the result that both alveolar and arterial 
carbon dioxide levels (owing to more efficient alveolar ventilation) were 
decreased 

The situation was not the same with regard to oxygen transport in 
the lungs The tendency to arterial oxygen unsaturation indicates that in 
respect to this gas, the pulmonary function was below normal The dif- 
ference between the efficiency of carbon dioxide transport and of oxygen 
transport was very possibly due to the different diffusion rates of these 
gases through the alveolar membranes The greater engorgement of the 
capillary blood vessels in the actively functioning regions of the lungs 
would be expected to hinder the proper oxygenation of the blood It 
IS possible also that the arterial unsaturation was due in part to blood 
flowing through unaerated, or poorly aerated, channels in the lungs 
Since, however, other investigators have found normal oxygen satura- 
tions after pneumothorax, the effects of the foregoing factors must be 
quite variable in different cases 

In brief, then, the situation existing after pneumothorax in our 
cases was one of increased efficiency in carbon dioxide transport by the 
lungs, together with decreased efficiency in oxygen transport 

From the point of view of the respiratory stimulus, it is interesting 
that the same, or slightly increased, pulmonary ventilation is maintained 
in spite of lower arterial carbon dioxide tension and even in one case of 
increased arterial pH The situation here is probably not unlike that 
described by Kroetz in a certain stage of early cardiac decompensation, 
in which lowered carbon dioxide tension and increased arterial pH indi- 
cated an uncompensated alkalosis As Kroetz pointed out, there existed 
in these cases a definitely decreased arterial oxygen tension, though the 
percentage of saturation was normal A similar situation apparently 
existed in A G (case 3) , F S (case 2) had an actual arterial anoxemia 


Kroetz, C Formen der Dyspnoe 
f khn Med 169 257, 1930 


I Kardiale Dyspnoe, Deutsches Arch 
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SUMMARY 

1 Studies of the cardiac output and other functions of the circula- 
tion have been made before and after artificial pneumothorax in three 
cases of pulmonary tuberculosis 

2 The cardiac output was decreased following pneumothorax in all 
cases Among the other changes that occurred were decreased vital 
capaaty and residual air and lowered alveolar and blood carbon dioxide 
levels The interrelations of some of these changes are discussed 

REPORT OF CASES 

Case 1 — Htstory — D R (no 80552), a boy, aged 17, was first admitted to 
Bellevue Hospital on Aug 28, 1928, with a five months’ history of cough and night 
sweats and a loss of 10 pounds (4 5 Kg ) in weight 

Examination — Examination at this time showed signs of infiltration throughout 
the upper lobe of the left lung The sputum was positive for tubercle bacilli 
During the next four months, he improved clinically, but the process in the lungs 
extended somewhat and a cavity formed at the apex of the left lung His weight 
in September, 1928, was 118 pounds (53 5 Kg), and on March 16, 1929, was 132 
pounds (59 9 Kg ) He was transferred to the Presbyterian Hospital on March 20 
Examination of the blood showed hemoglobin, 82 per cent (Sahh) , red cells, 
4,670,000, white cells, 14,500, polymorphonuclears, 66 per cent, lymphocytes, 29 
per cent, monocytes, 4 per cent, basophils, 1 per cent The urine was normal 
An electrocardiogram gave normal tracings A roentgenogram showed infiltra- 
tion extending into the apexes of both lungs, with a cavity in the left 

Course — The patient was comfortable and practically free from symptoms 
throughout his stay, except for those due to pneumothorax Nine hundred cubic 
centimeters of air was injected by Dr Amberson on April 1, following which the 
pulse rate rose to 120, and there were dyspnea and a transient cyanosis lasting 
about two hours The second and third insufflations were followed by tachycardia 
and an increased respiratory rate, but no cyanosis Roentgenograms and fluo- 
roscopy showed no evidence of adhesions of the left lung to the chest wall The 
heart was markedly displaced to the right The patient was transferred to Belle- 
vue Hospital on April 9 

Case 2 — Histoiy — F S (no 239168), a white man, aged 24, was admitted 
to the hospital on Dec 30, 1929, complaining of cough, transient pains m the right 
side of the chest and loss of weight for five months He had had a few night 
sweats He had lost 25 pounds (113 Kg), and the present weight was 105 
pounds (47 6 Kg ) He had been at Bellevue Hospital for seven weeks before 
admission, where moderate tuberculous infiltration and excavation had been found 
A week before, he had received a small artificial pneumothorax (150 cc ) 

Evamxnahon — Examination showed a pale, undernourished young man with a 
frequent cough of varying severity, bringing up mucopurulent sputum The trachea 
was in the midline There were deep supraclavicular fossae The lung expansion 
was good, the chest was symmetrical There was dulness over the right apex, 
with bronchovesicular breath sounds and many moist rales after coughing The 
heart was normal , the apex was 8 cm to the left in the fifth space The blood 
pressure was 95 systolic and 70 diastolic 
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Examination of the blood showed hemoglobin, 89 per cent (Sahli) , red cells, 
4,500,000, white cells, 10,280, polymorphonuclears, 73 per cent, lymphocytes, 21 
per cent, monocytes, 5 per cent, eosinophils, 1 per cent The red cells showed 
central pallor The sputum contained tubercle bacilli on several occasions 

A roentgenogram of the chest taken Dec 30, 1929, showed a dense process 
through the upper lobe of the right lung, with a large cavity 3 cm in diameter 
in the right infraclavicular region The diaphragm appeared normal 

Coiifse — During the patient’s stay of one month in the hospital, he had a low 
fever most of the time, about 100 F , during the week from Jan 9 to 15, 1930, the 
afternoon rise was as high as from 101 to 102 F He was relatively comfortable , 
he was bothered at times by coughing in the night , he had an irregular appetite, 
and there was a good deal of diaphoresis Following the first pneumothorax, on 
January 21, there were a transient rise of the pulse rate to 130 and slight dyspnea, 
which subsided in a few hours There was a mild cyanosis of the nail beds, which 
nearly cleared after two daj^s Subjectively, the patient had a sensation of tight- 
ness in liis chest The symptoms after the succeeding injections of air were similar 
but less marked, except that cyanosis of the nail beds persisted, the respiration 
became shallow and slightly increased m rate, and he noticed his heart beating 
against the chest wall on the left side On January 28, the right border of cardiac 
dulness m the fourth space was 3 5 cm to the left of the midline It was observed 
that after slight exertion the patient became more cyanosed Roentgen examination 
of the chest on January 27 showed the right lung to be collapsing freely, except 
for adhesions just beneath the clavicle Fluoroscopy showed that the collapsed 
lung did not move appreciably with respiration The patient was transferred back 
to Bellevue Hospital on February 1 

Case 3 — Histoiy — A G (no 287218), a Russian-born Jewish boy, aged 20, 
was admitted to the hospital on Feb 17, 1931, complaining of cough,, hemoptyses 
and loss of weight during the preceding five months He had worked as a shoe 
salesman for the past three years, being in a poorly lighted, damp basement A 
brother had active tuberculosis There had been no important previous illnesses 

Five months before admission, he caught a severe chest cold , cough developed, 
with sputum that became blood-streaked The patient was in Queensboro Hos- 
pital for two weeks , a roentgenogram taken there was negative He went home 
and rested for three weeks, and then returned to work He soon lost his appetite, 
and Ins weight dropped from 132 to 117 pounds (59 9 to 531 Kg) Nine weeks 
before admission, the cough returned and he had two hemoptyses of from 100 to 
200 cc The sputum increased, and he had night sweats He stayed m bed at 
home for a month, and then went to Bellevue Hospital A moderately advanced 
exudative tuberculous lesion was found in the left lung above the third rib On 
February 14, a small pneumothorax of 150 cc was given on the right side The 
patient was then transferred to the Presbyterian Hospital for study 

EAmmiiahon — Examination showed a somewhat undernourished Jewish boy 
who appeared chronically, but not seriously, ill The lungs showed dulness, dimin- 
ished breath sounds and increased whispered voice over the upper lobe of the 
right lung posteriorly, and below the clavicle anteriorly There were moist rales 
m this region 

Examination of the blood showed hemoglobin, 78 per cent , red cells, 4,920,000 , 
white cells, 14,600, polymorphonuclears, 78 per cent, Wassermann reaction, nega- 
tive Urinalysis gave negative results Tubercle bacilli were found m two of 
four sputum examinations 
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Roentgenograms of the chest showed mottled infiltration involving the apex of 
the right lung and the first and second interspaces Subsequent roentgenograms 
showed the production of a partial pneumothorax, with adhesion to the chest wall 
at the level of the second interspace A small (15 cm ) cavity in this region was 
visualized A little fluid collected in the costovertebral angle 

Couise — The patient’s general condition remained about the same He had a 
low fever at times Pneumothorax was started on March 4 and was given twice 
a week, 4,750 cc of air being injected in the course of five weeks The pulse rate 
increased, the pulmonary ventilation increased slightly, and the vital capacity fell 
from 4,100 to 3,100 cc during this time Fluoroscopy showed partial collapse, 
but the lung still moved somewhat during quiet respiration Subjectively, tne 
patient felt fairly well , there was no pain in the chest 

The patient had a small intestinal hemorrhage (hemorrhoids^) on March 20 
On March 30, he had some discomfort in the right ear, he was found to have a 
low grade infection of the middle ear and maxillary sinusitis He was transferred 
to Bellevue Hospital again on April 8, 1931 
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Much expel iniental and pathologic evideiice has accumulated to 
indicate that the pain of angina pectoiis is due to disturbance of the 
coronary ciiculation The ideal theiapeutic measuie, then, would be 
one that insures at all times an adequate flow through the coronary 
arteries Of the various drugs used in the treatment of this disease, 
those which aie known to dilate the coronary arteries have received the 
widest acceptance For relief from the attack, the nitrites aie invaluable, 
not only because they reduce the systemic blood pressuie and thus 
relieve in part the buiden imposed on the heait muscle, but also because 
in all probability they decrease myocardial ischemia Unfortunately, 
their effect is transitory For the prevention of attacks, another class 
of drugs which act in much the same manner, namely, the purine 
derivatives (theobromine, theophylline, etc ) have proved of value 
However, these diugs fall short of the ideal because they are often 
badly borne by the patient and because a tolerance to them is quickly 
acquired 

In this paper we wish to summarize our experience with a new 
preparation, an insuhn-free extract of the pancieas It is well tolerated 
in large doses It is an active coronary dilator with a prolonged effect 
In many instances it will prevent attacks of angina pectoris that recur 
after the usual methods of treatment We have fuithermore found it 
superior to other measures m the treatment of intermittent claudication 

It was originally noted, ^ several years ago, that the pain of angina 
pectoris was sometimes relieved by insulin in diabetic patients with this 
syndrome The degree of relief was apparently not dependent on the 
amount of insulin used It remained for Gley and Kisthinios- to 
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Annual Session of the American Medical Association, Philadelphia, June 10, 1931 

1 Heteny and Budinger, cited by Vaquez, Giroux and Kisthinios, Presse med 
37 1277 (Oct 2) 1929 

2 Gley, P , and Kisthinios, N Recherches sur la substance hypotensive de 
pancreas, Presse med 37 1279 (Oct 2) 1929 
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demonstrate that the effective material was not insulin, but another 
substance present m the panel eas They succeeded m making an 
msuhn-free pancreatic extract, which Vaquez ^ used in the treatment 
of angina pectoris and spastic obliterative arterial disease with remark- 
able results In 1929 he reported a series of twenty cases of severe 
angmoid seizures in which from partial to complete amelioration of 
symptoms resulted from the treatment in almost every instance Similar 
results were obtained m the treatment of intermittent claudication The 
duration of relief was variable, but in several instances no symptoms 
recurred after prolonged observation He concluded that this therapy 
was far superior to any surgical measure 

Wolffe and his co-workers,^ in this country reported similarly favor- 
able results from this method of treatment In a series of twenty 
instances, complete relief from angmoid seizures was obtained in 55 per 
cent, 30 per cent of the patients were partially relieved, and three, or 15 
per cent, experienced no relief Two of the latter showed decompensa- 
tion at the time that treatment was given, as the author remarked, 
Vaquez had observed complete failure in such instances 

PHARMACOLOGIC PROPERTIES 

Pharmacologic studies, together with the method of preparation of 
the extract, have been reported elsewhere ® The pertinent observations 
may be summarized at this time 

The pancreatic extract, on intravenous injection into the rabbit, 
causes a transitory hypotension which is not the result of cardiac slowing 
and is not due to peptones, choline or histamine The “hypotensive 
unit,” as defined by Gley and Kisthmios, has been adopted It is that 
amount of the extract injected intravenously which is sufficient to cause 
a barely perceptible fall m the blood pressure of a rabbit weighing 
2 Kg Repeated injection of the unit dose, or continuous intravenous 
perfusion m an approximate dose of 0 002 hypotensive unit per kilogram 
per minute may result m a prolonged hypotension from cumulative 
action The extract causes vasoconstriction of the vessels of a perfused 
rabbit’s leg, hence the hypotension is probably due to splanchnic vaso- 
dilatation 

3 Vaquez, H , Giroux, R, and Kisthinios, N De Taction de certains 
extraits pancreatique dans le traitement de Tangine de poitnne, Presse med 37 
1277 (Oct 2) 1929 

4 Wolffe, J B , Findlay, D , and Dessen, E Treatment of Angina Pectoris 
with a Tissue Vasodilator Extract, Ann Int Med 5 625 (Nov) 1931 

5 Elliot, A H , and Nuzum, F R The Pharmacologic Properties of an 
Insulin-Free Extract of Pancreas and the Circulatory Hormone of Frey, J 
Pharmacol & Exper Therap 43 463 (Nov ) 1931 
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The pressor effect of epinephrine may be modified or abolished 
by the extract As noted by its elaborators, the extract protects the 
experimental animal from lethal doses of epinephrine It does not, 
however, modify the action of epinephrine on the carbohydrate metabo- 
lism, it modifies only its action on smooth muscle 

None of these effects was obtained after subcutaneous or intra- 
muscular injection of the extract 

Using the perfused rabbit’s heart, we found that the extract in 
dilutions corresponding to the therapeutic dose in man is an active 
coronary dilator The degree of coronary dilatation exceeded by one- 
half that obtained with the most active of the purine group in this 
respect, theophylline ethylenediamme 
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Effect of pancreatic extract, Frey hormone, theophylline ethylenediamme, theo- 
phylline and citrated caffeine on the coronary flow of the perfused rabbit’s heart 
The vertical scale at the left indicates the increase m coronary flow m per cent 


The results are expressed graphically in the accompanying chart 
The height of each column indicates the average increase m coronary 
flow as determined in from five to ten experiments conducted over a 
period of ten minutes on fresh hearts Pancreatic extract caused an 
average increase of 30 per cent, the Frey “hormone,” as prepared 
from the urine, an increase of 24 per cent The purine derivatives, 
theophylline ethylenediamme, theophylline and caffeine, were less effec- 
tive, producing increases of 15 per cent, 13 per cent and 9 per cent, 
respectively 

The effects of the intravenous injection of the extract into man were 
studied m a few instances With a dosage of 30 hypotensive units, 
patients with hypertension experienced an immediate transitory, “nitrite’’ 
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reaction (flushing of the face, vertigo, faintness and palpitation) and a 
pronounced fall of systolic blood pressure, together with tachycardia 
which persisted for about one hour No changes were appaient in the 
electrocardiogram taken during and following the injection In persons 
with normal blood pressure, little or no effect was noted Although 
no untoward reactions occurred, the number of these observations was 
limited It IS not recommended that the extract be given intravenously 
without fuither study 

NATURE OF THE ACTIVE PRINCIPLE 

The exact nature of the active principle remains obscure Because 
of similarity m physiologic properties, Wolff e suggested that we might 
be dealing with an adenine compound Drury and Szent-Gyorgyi ® and 
Wedd'^ recently studied the propel ties of a substance prepared from 
extracts of heart muscle and identified as an adenine compound, probably 
adenylic acid Among other effects, adenylic acid and related com- 
pounds cause a transitory fall m blood pressure m the experimental 
animal, an increase m the coronary flow of the perfused rabbit’s heart 
exceeding that produced by sodium nitrite and theophylline and transi- 
tory complete heart-block m the guinea-pig The latter effect is regarded 
as specific for these compounds We have been unable to produce it 

Another principle regaided as a hormone, and having closely allied 
with the pancreatic extract, and so are doubtful of the identity of these 
principles 

properties, has been described Frey and his co-workers ® isolated m 
fairly pure form a substance present in the urine of normal persons and 
animals that on intravenous injection into the dog causes hypotension 

6 Drury, A M , and Szent-Gyorgyi Physiological Activity of Adenine Com- 
pounds with Special Reference to Their Action on the Mammalian Heart, J 
Physiol 68 213 (Nov ) 1929 

7 Wedd, A M The Action of Adenosine and Certain Related Compounds 
on the Coronary Flow of the Perfused Heart of the Rabbit, J Pharmacol & 
Exper Therap 41 355 (March) 1931 

8 Fvty, E K , and Kraut, H Em neues Kreislaufhormon und seme Wirk- 
ung. Arch f exper Path u Pharmacol 133 1, 1928 Kraut, H , Frey, E K, 
and Bauer, E Ueber em neues Kreislaufhormon, Ztschr f phys Chem 175 97, 
1928 Frey, E K , and Kraut, H Nachweis und Wirkung ernes Kreislaufhor- 
mon, Munchen med Wchnschr 75 763 (May 4) 1928 Frey, E K Kreislauf- 
hormon und innere Sekretion, Munchen med Wchnschr 76 1951 (Nov 22) 1929 
Kraut, H , Frey, E K , and Werle, E Der Nachweis ernes Kreislaufhormon m 
der Pankreasdruse, Ztschr f phys Chem 189 97, 1930 Frey, E K A New 
Internal Secretion of the Pancreas, quoted m Foreign Letters, J A M A 95 676 
(Aug 30) 1930 Frey, E K , Kraut, H , and Schultz, F Ueber eine neue 
mnersekretorische Funktion der Pankreas, Arch f exper Path u Pharmakol 
158 334, 1930 
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and an increase in cardiac rate and amplitude of contraction This 
substance is present in the blood stream m combination with an 
inactivator from which it may be hbeiated Frey believes that it is 
present in most organ extracts but is probably elaborated by the 
pancreas, because after experimental pancreatectomy the rate of urinary 
excretion is decreased 80 per cent or more The linkage between the 
hormone and inactivator depends on the reaction of the tissues, so that 
the appeal ance of “acid metabolism” releases a portion of the hormone, 
resulting in its vasodilator action 

The hormone has been used clinically with, for the most part, 
favorable results Frey stated that as the result of its use he has seen 
lowering of the blood pressure in essential hypertension, cessation of 
attacks of angina pectoiis and intermittent claudication and avoidance of 
amputation in gangrene of the extremities resulting from arterial disease 
Leschke,® using this preparation, obtained gratifying results in all 
manner of angiospastic syndromes including angina pectoris, and 
believes that it is the treatment of choice in arteriosclerotic gangrene 
and thrombo-angiitis obliterans He obtained identical results with the 
insulm-free pancreatic extract Schauder described a patient with 
severe intermittent claudication of a year’s duration who, as the result 
of treatment with the hormone, had remained entirely symptomless 
following treatment for a period of thirteen months The patient also 
had hypertension, and a pronounced and lasting fall in blood pressure 
resulted 


On the other hand. Singer had no success with either the “cir- 
culatory hormone” or the pancreatic extract in these conditions, and 
attributed the favorable results reported by others to a nonspecific 
protein effect 

Extracts of other tissues, namely, heart, liver and skeletal muscle, 
have been found to exert a beneficial effect on the anginal syndrome 
Haberlandt,^^ 1924^ found that an extract made from the cardiac 
conduction system had the ability of initiating and regulating the beat 
of an isolated heart perfused with it He believed it to be a “heart 
hormone Salomon and Zuelzer found a similar principle in an 


9 Leschke, E Erfahrungen mit dem Kreislaufhormon “Kalhkrem,” Muncken 
med Wchnschr 77 1167 (June 22) 1930 

10 Schauder, H Zur Behandlung der intermittierenden Hinkens, Munchen 
med Wchnschr 77 485 (March 21) 1930 

11 Singer, R Die praktischen Ergebmsse der “Herz Hormon" Therapie, 
Wien khn Wchnschr 46 39 (Jan 9) 1931 

1930^ Haberlandt, L Ueber das Herzhormon, Endokrmologie 6 335 (May) 

eewonn™ Herz- 

hormon Eutonon, Ztschr f d ges exper Med 66 291, 1929 
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extract of liver These two preparations, together with a skeletal 
muscle extract introduced by Schwarzmann,^^ are regarded by their 
elaborators as of distinct benefit in the treatment for angina pectoris 
Haberlandt believes that the skeletal muscle extract of Schwarzmann 
contains a substance identical with his “heart hormone ” Fahrenkamp 
and Schneider came to a similar conclusion They compared the 
effects of these two preparations on patients with angina pectoris The 
results were identical, the angina being favorably influenced 

We have not had the opportunity of studying these preparations 
However, in conjunction with the studies on the pharmacology of the 
pancreatic extract, we conducted parallel observations on the “circulatory 
hormone” of Frey as prepared from the urine It was found to have 
similar vasodilator properties, and, in addition, it modifies the pressor 
effects of epinephrine and is an active coronary dilator On the 
strength of these observations, it may be concluded that these two prepa- 
rations probably contain the same active principle 

From this review it is evident that a substance or substances have 
been found m various animal tissues and fluids that have similar physi- 
ologic properties Whether the active principles are identical or 
represent a class of substances or a hormone is not known at this time 
It is striking, however, that these investigators, working independently, 
have observed a salutary influence exerted by their preparations on 
the symptoms and course of spastic and obliterative arterial disease as 
typified by angina pectoris, intermittent claudication, arterial hyper- 
tension and trophic disturbances of the extremities 

CLINICAL STUDIES 

Dosage — We administered the extract intramuscularly m doses of 
from 30 to 60 hypotensive units on alternate days or twice weekly, 
depending on the severity of the symptoms, for a total of from ten to 
twelve doses This procedure was followed in both angina pectoris and 
intermittent claudication If amelioration of symptoms was not 
apparent after such a course, the injections were repeated after a week’s 
interval In refractory cases, a third such course was given before it 
was concluded that the treatment was without avail Frequently, anginal 
attacks ceased after from four to five injections If symptoms recurred 
after weeks or months, the treatment was repeated if possible Toxic 
symptoms or side reactions were not noted during or after repeated 

14 Schwarzmann, J S Em neuer Weg in der Therapie der Angina pectoris, 
Munchen med Wchnschr 76 1329 (Aug 9) 1929 

15 Fahrenkamp, K , and Schneider, H Vergleichende Untersuchungen mit 
emem als “Hormocardiol” bezeichneten Herzhormonpraparat und einem neuartigen 
Muskelextrakt, Med Klin 26 48 (Jan 10) 1930 
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senes of injections Burning and slight induration were often encoun- 
tered at the site of injection 

Careful attention has been paid to the potency of the material used 
During the early months we piepared our own extiact Later it was 
supplied by two commercial houses Each lot was tested on the rabbit 
and the dosage was determined on that basis We also tested material 
on the perfused heart to assure ourselves that the coronary dilator prin- 
ciple was active Frequently a discrepancy was encountered between 
this and the vasodilator property of the extract This may have been 
due to a trace of choline or histamine, which are coronary constrictors 
Only that material was used which actively dilated the coronary arteries 
Selection of Cases — ^Three groups of patients were studied The 
first group comprised forty-one persons with angina pectoris who 
received the usual treatment, namely, limitation of activity, the use of 
nitrites and nitroglycerin when effective and various combinations of 
the purine derivatives, together with such drugs as phenobarbital, 
atropine, a mixture of opium alkaloids, etc A diminution of tobacco 
consumption was insisted on This group served as a control 

The second senes consisted of twenty patients with angina treated 
with the pancreatic extract Many of these had previously had the 
benefit of other methods of therapy 

The third group numbered five persons with intermittent claudication 
and two with other types of arterial disease 

All of these patients were seen in private practice No attempt at 
selection was made beyond the reasonable certainty of diagnosis and the 
elimination of patients with coronary thrombosis Patients with 
syphilitic aortitis were not excluded, as Vaquez had obtained relief with 
the treatment in such instances Orthodiagraphic heart measurements 
and electrocardiogi ams weie made on each patient The follow-up 
period was of sufficient length to admit of accurate evaluation of the 
therapeutic measures employed 

For purposes of comparison, the control and treated groups of 
angina patients weie divided into three subgroups each, depending on 
the seventy of the disease As the criteria for this division, the limita- 
tion of physical and emotional activity and the duration and seventy 
of the attacks were considered 

The control gioup was followed for an average period of twenty 
and foul -tenths months Nineteen patients had hypertrophied hearts, 
as determined by the orthodiagram, and twelve of these had hyper- 
tension Definite electrocardiographic evidence of myocardial damage 
was piesent in thiiteen, or 31 7 per cent, of the group The urinalyses 
gave uniformly negative results Two positive Wassermann reactions 
were encountered in the gioup The first patient had a syphilitic aoititis 
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and received pronounced benefit fiom antisyphilitic medication The 
second patient, 70 years of age, had a 2 plus Wasseimann reaction of 
the blood, and was helped by potassium iodide The duration of 
symptoms varied from one week to one hundred and eighty months at 
the time that treatment was instituted, averaging twenty-four and 
four-tenths months 

Results of Treatment — The salient facts are presented in table 1 
Three of these patients were classified as having slight attacks, one of 
them received no relief from treatment, one was moderately benefited, 
and one markedly relieved Of the twenty patients with attacks of 
model ate severity, four experienced no relief, seven were moderately 
benefited and nine showed pronounced improvement Eighteen patients 
had a severe form of the disease Five of these were unrelieved by 

Table 1 — Results in Foity-One Patients with Angina Pectoris, Treated by the 

Usual Measures 


Coronary 



Num 

her 


Aver 

age 

Time 

Ob 

served. 

Mo 

Disease 

(Electro 

cardio 

gram) 


Degree of Relief 




Seventy 

ol 

Attacks 

Duration of 
Symptoms 

None 

Moderate 

Marked 


Died 

Cases 

No 

% 

No 

% 

No 

% 

No 

% 

No 

% ' 

Slight 

3 

1 Tvk to 17 mo 
(av 5 mo ) 

17 6 

1 

S3 

1 

33 

1 

33 

1 

33 



Moderate 

20 

3 to 144 mo 
(av 36 4 mo ) 

20 9 

6 

30 

4 

20 

7 

35 

9 

45 



Severe 

18 

1 Tvk to 180 mo 
(av 32 mo ) 

22 8 

6 

33 

5 

27 7 

6 

33 

4 

22 2 

3 

16 6 

Totals 

41 

Av 24 4 mo 

20 4 

13 

317 

10 

24 3 

14 

341 

14 

341 

3 

74 


treatment Six were somewhat relieved and four were benefited 
greatly Three of the eighteen patients died during the period of 
observation 

In summary, of the total group of forty-one control patients, ten, 
or 24 3 per cent, were not helped by treatment , fourteen, or 34 1 per 
cent, experienced moderate relief, and fourteen, or 31 7 per cent, 
received pronounced benefit Three patients, or 7 4 per cent, died 
during observation 

The group of twenty patients treated with pancreatic extract pre- 
sents a similar ci oss-section Eleven had hypertrophied hearts, and 
there was electrocardiographic evidence of myocardial damage in 
twelve, or 60 per cent Ten had hypertension, of whom one had a mild 
diabetes mellitus and one a chronic nephritis No evidence of syphilis 
was encountered in this group 

The duration of symptoms when first seen (average, twenty-three 
and three-tenths months) was similar to that in the control group, vary- 
ing from one week to eight years At least 50 per cent of these patients 
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had been tieated by the usual methods without appreciable benefit 
before the extract was given This enhances the significance of the 
satisfactory results obtained in these instances 

Each patient received from 120 to 1,140 hypotensive units (average 
for the group, 517 5 units) During the treatment with the extract, 
other methods of therapy previously instituted weie, m most instances, 
interrupted A few patients continued to take vasodilator drugs for 
relief from attacks during the time that the first few injections of the 
extract were administered After the completion of the course these 
drugs were stopped, except in two instances m which the extract was 
ineffective Every patient has been followed to the present time The 
shortest period of observation following treatment was one month, the 
longest twenty-two months and the average for the group nine and 
five-tenths months 

Table 2 — Results in Twenty Patients Tieated zvith Panel eatic Evtiact 
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4 

50 
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7 

70 
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1 

10 0 

1 
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6 

60 

Totals 

20 

Av 23 3 mo 

17 0 

12 

00 

Av 517 5 

2 

10 0 

5 

25 0 

11 

55 


2 20 0 


2 10 0 


The results of treatment are given in table 2 Two of the twenty 
patients were considered as having attacks of mild severity One of 
these was moderately helped, and the other received pronounced benefit 
The attacks weie model ately severe in eight patients, and five of these 
had electrocardiographic signs of myocardial damage In one the 
attacks proved refractory, three were moderately helped by the extract 
and four were almost entirely relieved 

The group of ten patients with severe angina is of particular interest 
Seven of them had pronounced myocardial damage as evidenced by the 
electrocardiographic tracings Their average duration of symptoms 
was thirty-one and seven-tenths months at the time that treatment was 
instituted, and they received an average of 838 units each One patient 
was not benefited, one was moderately improved and six showed 
pronounced benefit Two patients of this group treated with pancreatic 
extract died suddenly during observation Necropsy was not possible, 
but coronary occlusion was suspected One of these patients, a woman 
aged 54, while in the hospital had repeated severe nocturnal attacks of 
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angina pectoris and cardiac asthma, these were so benefited by the 
extract that she was able to return to her household duties without 
further precordial distress until death supeivened four months later 
The other patient, a man aged 71, who had hypertension and diabetes 
melhtus, when first seen could not walk two blocks without precordial 
oppression He was symptomatically relieved after twelve injections 
until death four months later 

Two patients were not helped by the extract One had congestive 
heart failure at the time that treatment was given Vaquez and Wolff e 
have likewise experienced failure under these circumstances The other 
patient, a man aged 65, who had a blood pressure of 210 systolic and 
90 diastolic and a severe angina of six weeks’ duration, was unimproved 
after 1,080 units and rest m bed for one month 

Of the twenty patients, then, two (10 per cent) were not helped, 
five (25 per cent) were somewhat relieved and eleven (55 per cent) 
were greatly helped, while two, who experienced benefit from the treat- 
ment, died 

The duration of the benefit received from the injections is difficult 
of evaluation As mentioned, all of the patients have been followed to 
the present time The treated group has fared decidedly better than 
the control group We do not wish to ascribe this result entirely to 
this method of treatment A necessary part of the program has been 
to teach the patient to adjust his life to the restrictions imposed on his 
activity by his disease so that he may be enabled, so far as possible, to 
avoid those things which precipitate an anginal seizure However, the 
patients m the control series received fully as much consideration in 
this regard, yet the improvement has not been so lasting as that of the 
treated group It is possible that our facility in the general management 
of patients with angina may have improved since we treated the 
control group of patients, but it seems unlikely that this factor is in 
itself sufficient to explain the results obtained in the group receiving 
the pancreatic extract 

The blood pressure was not significantly altered in the patients with 
hypertension Kervarec and Enachesco reported favorable results 
in fifty-two patients with hypertension treated with the extract Lower- 
ing of blood pressure, particularly m instances of essential hypertension, 
became evident after three or four injections and persisted for as long 
as seven months We were unable to confirm these results 

Inte} nnttent Claudication — Five patients with this syndrome have 
been treated with the extract The same dosage was used as in the 
treatment for angina pectoris The results have been exceedingly 

16 Kervarec and Enachesco The Effect of Insulin-Free Pancreas Extract in 
Arterial Hypertension, Proqres med 58 194, 1930 
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giatifymg No case has pioved entirely refractory One of these 
patients also had angina pectoris Following a course of 1,140 units, 
the anginal attacks materially lessened in number and seventy, and the 
patient was able to walk comfoitably four times as far as he could 
previous to treatment 

Thiee of these patients had calcareous changes m the leg vessels as 
shown by roentgenograms One had discoloration and burning of the 
feet and extreme pain in the calves on walking This patient was so 
unproved after 140 hypotensive units that he returned to his work as 
janitor The cyanosis of the feet was not influenced, however The 
most satisfactory result was obtained in a patient, 76 years of age, 
who could not walk one block without pam in the legs Following a 
course of 900 units, he could walk for two miles without discomfort 
This improvement has been maintained over a three months’ period 

One patient with an early thrombo-angntis obliterans of the extremities was 
studied A Mexican, aged 39, when first seen was wearing felt pads in his shoes 
because of almost constant pain and tenderness m the balls of the toes, which 
at times extended into the calves of the legs Sleep was impossible because of 
the pam, and the patient was exhausted He used tobacco to excess Nothing of 
moment was found on examination except pallor of the toes No arterial changes 
were evident in the roentgenogram After a course of 330 hypotensive units the 
patient slept the night through and could walk twelve blocks witliout distress 
The color of the toes was improved 

Another patient, 87 years of age, with generalized arteriosclerosis but a normal 
blood pressure, had mild, intermittent attacks of precordial distress, and on two 
occasions repeated attacks of numbness and tingling of the right arm and right 
side of the face, unilateral muscular weakness and difficulty of speech On the 
first occasion the symptoms disappeared following five injections of the extract 
They recurred six months later The extract was immediately administered, and 
the patient promptly became symptomless and has remained so (four months) 
The symptoms in this instance were probably due to spasm of the cereberal vessels 
Their disappearance might have been coincidental, but relief was so immediate and 
lasting that we have attributed it to the effect of the extract 


CONCLUSIONS 

The efficacy of a therapeutic measuie in a disease such as angina 
pectoris, with its variability of symptomatology and scarcity of objective 
findings, should be judged with extreme caution We have attempted 
to present our material without prejudice, and urge the reader to draw 
his own conclusions 

It is our belief that in this senes of patients the benefits fiom this 
method of treatment have exceeded those obtained by the usual methods 
The results were particularly gratifying in intermittent claudication, a 
disease notoriously refractory to therapeutic endeavor We do not 
know the duration of benefit, nor aie we certain that the proper dosage 
and injection intervals have been used to insuie maximum effects Our 
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number of observations has been comparatively limited Since, how- 
ever, a definite trend is evident even in this small group of observations, 
and since the treatment is without harmful effects and is both simply 
and expediently given, a wider use of the method is warranted to 
establish its ultimate worth 

SUMMARY 

An msuhn-free extract of the pancreas, a vasodilator that modifies 
the pressor effects of epinephrine and dilates the coronary arteries of 
the rabbit’s heart to a degree exceeding that produced by drugs of the 
purine group, was administered intramuscularly to twenty patients with 
angina pectoris Two, or 10 per cent, were not helped , five, or 25 per 
cent, were somewhat relieved, eleven, or 55 per cent, were greatly 
helped, and two who were benefited by treatment died later 

Fort3'^-one patients with angina pectoris who received the usual 
medical treatment and were followed for a like peiiod of time were 
studied as a control series In ten instances, or 24 3 per cent, no 
benefit was observed, fourteen patients, or 341 per cent, experienced 
moderate relief , fourteen, or 34 1 per cent, received pronounced benefit, 
and three, or 7 4 per cent, died 

Five patients with intermittent claudication, one with thrombo- 
angiitis obliterans and one with cerebral vascular spasms and angina 
pectoris were benefited in a pronounced degree by tieatment with the 
extract 
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The insensible perspiration has long been a matter of scientific 
curiosity, for as far back as 1614 it was the subject of investigation by 
Sanctorms ^ in what were probably among the first quantitative measure- 
ments of human metabolism The number of papers that have dealt 
with insensible perspiration within the last few years indicates a revival 
of interest m it, a renewed endeavor to interpret its physiologic sig- 
nificance and an attempt to explore the possibilities of its clinical 
application Experiments have shown that most of the loss m weight 
(85 per cent) of the human body by insensible perspiration is due to 
the evaporation of water from the respiratory surfaces and from the 
skin,- and that within certain limits approximately 25 per cent ^ of the 
total heat lost from the human body is abstracted by the evaporation 
of water from its surfaces ^ On these facts has been based the applica- 
tion of measurements of insensible perspiration to the study of energy 
metabolism 

The unique design of the balance employed by Lombard ® made it 
possible to measure the insensible loss in body weight of a man within 
a few minutes with great accuracy, although the skill required for its 
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use was such as to render it unsuitable for general requirements In 
the meantime a balance capable of weighing 100 Kg with a sensitivity 
of 0 1 Gm was placed on the market by Sauter of Ebingen, Wurtem- 
berg, Germany With this type of balance short period determinations 
of the insensible perspiration were first made with human beings by 
the Nutrition Laboratory in 1910 ® Subsequently, the Sauter balance 
was used to study the relations between the basal metabolism and the 
insensible perspiration in a number of normal and pathologic subjects,^ 
and shortly thereafter simultaneous measurements were made of the 
insensible perspiration and the respiratory metabolism with the special 
object of noting the proportions of the insensible perspiration derived 
from the skin and the lungs, respectively ^ These measurements indi- 
cated that the basal metabolism is proportional to the insensible perspira- 
tion Indeed, a straight line curve has been published to represent the 
relationship between the insensible perspiration and the metabolism 
The plans and the results of some of the experiments on insensible 
loss that have been reported recently indicate that some investigators 
have not fully sensed the precautions necessary for the successful appli- 
cation of insensible perspiration measurements to physiologic and clinical 
problems The procedures by which such determinations have been 
made during the past few years may be divided into two groups 
According to one procedure, the insensible loss in weight of the subject 
IS measured with an accuracy of about 10 Gm , but is observed over 
a long period, usually overnight This kind of measurement has 
undoubtedly a considerable range of usefulness, particularly for clinical 
purposes, and its possibilities have already been demonstrated A 
second procedure is to employ a sensitive balance for measurements of 
the changes m body weight occurring in several short (fifteen minute), 
consecutive periods The present discussion is limited to this latter type 
of experiment In those instances m Avhich the basal metabolism cannot 
be determined directly by the ordinary methods, these short peiiod 
measurements have a practical utility because of the ease, the rapidity 
and the absence of interference with the subject with which they can 
be made But the sensitivity (1 1,000,000 that is, 100 Kg 0 1 Gm ) 
of the balance used imposes a limitation difficult to overcome It is 
impracticable to avoid completely the use of hygroscopic textiles for the 
clothing and the covering of the subject during the period of measure- 
ment Because of the avidity with which these materials take up water 
from the atmosphere of average humidity, one cannot assume that these 

6 Benedict, F G , and Carpenter, T M Respiration Calorimeters for Study- 
ing the Respiratory Exchange and Energy Transformations of Man, publ 123, 
Carnegie Inst Washington, 1910, figs 4 and 9 

7 Benedict, F G, and Root, H F Insensible Perspiration Its Relation 
to Human Ph 3 '-siology and Pathology, Arch Int Med 38 1 (July) 1926 
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textiles have a constant weight except under conditions of unchanging 
humidity of the atmosphere in which the weighings are made The 
extremes that can occur m variations in weight due to this factor have 
been well shown by Heller « He found that the apparent weight of a 
spring mattress stretched on a wooden frame, covered with a tick, and 
provided with standard hospital bed covering, underwent an extreme 
variation of 559 9 Gm during the course of a number of weighings 
extending over a period of approximately one month Rates of varia- 
tion of as much as 8 3 Gm per hour were observed Variations of this 
magnitude might introduce serious errors even into short period 
experiments and yield ridiculous results m long period experiments 
It is not at all unlikely, as Heller pointed out,® that some of the contra- 
dictory results that have appeared in the latest literature may be due 
to the nature of the subject’s clothing and bed-clothes Not only must 
measurements of insensible perspiration be made within short periods, 
but the hygroscopic material included in the weighings should, theo- 
retically at least, be reduced to a minimum, and the conditions of 
weighing must be such as to avoid variations in the moisture content of 
the clothing, so far as possible 

Another important consideration, which appears to have been over- 
looked in at least one investigation, is that the insensible perspiration is, 
within limits, affected to the same extent as the metabolism by factors 
that alter the latter For measurements of the basal insensible perspira- 
tion, basal conditions must be observed as rigorously as for determina- 
tions of basal metabolism If the effect of any activity superimposed 
on the basal state is to be studied, care must be exercised to ensure that 
no other factors are allowed to operate which also might affect the 
metabolism Neglect of this precaution is, no doubt, responsible for the 
unexpectedly great difference that Heller and Natanson ® have recorded 
between the rates of insensible perspiration in the recumbent and the 
upright positions Another unexpected result is that reported by Jores 
Under conditions of work, fever and certain diseases he found an 
absolute parallelism between the changes in basal metabolism and the 
insensible perspiration, but during sleep at night he noted that the 
insensible perspiration was greater than during rest in the daytime, 
this despite the well known depressing effect of sleep on the metabo- 
lism * Jores also claimed that sometimes long periods must elapse after 

8 Heller, H Eine Fehlerquelle bei der Bestimniung der Perspiratio insensi- 
bihs mit der Sauterwage, Ztschr f d ges exper Med 73 481, 1930 

9 Heller, H, and Natanson, H Der Einfluss der aufrechten Korperhaltung 

1929^'*^ Wasserausscheidung, Ztschr f d ges exper Med 65 733, 

^ Perspiratio msensibihs, Ztschr f d ges exper Med 71 170, 
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the assumption of basal conditions before a steady rate of insensible 
perspiration is established 

Since the experimental results just referred to are at variance with 
the findings by other investigators on insensible perspiration or are such 
that they might seriously alter the interpretation of measurements of 
the insensible perspiration, additional information has been sought 
experimentally by the Nutrition Laboratory on the following questions 

1 The period that must elapse after the assumption of basal con- 
ditions before the rate of loss m body weight by insensible perspiration 
becomes steady 

2 The effect on this rate of changing from the recumbent to the 
sitting position 

3 The effect of sleep on this rate (a) during the daytime and (b) 
at night 

4 The effect produced on the rate by hindering the loss of water 
by evaporation from the surfaces of the hands and feet 

THE PERIOD NECESSARY UNDER BASAL CONDITIONS TO ESTABLISH A 
STEADY RATE OF INSENSIBLE PERSPIRATION 

The total duration of the measurements reported by Jores was 
always at least two hours According to him, the rate of insensible loss 
in weight was faster at the beginning of the measurements, even with 
subjects accustomed to the procedure, and sometimes the rate first 
became constant only after one and one-half hours In the expenments 
to be discussed m the following pages, the subject (a man) arrived at 
the laboratory in the morning m the postabsorptive state and was allowed 
to rest quietly for about one-half hour before measurements were taken 
He wore his usual street clothing in all experiments During the 
observations he lay on a steel mattress suspended from the beam of a 
100 Kg Sauter balance The mattress was covered with a rubberized 
sheet and provided with two rubber air pillows If the statement of the 
subject or the temperature of the room indicated that the subject was 
not likely to be comfortably warm during the experiment, he was allowed 
to he on a blanket and was covered with another The subject was 
weighed by almost counterpoising him by weights (pig-lead or shot) 
totaling slightly less than his own weight The beam of the balance 
was then caused to swing and the time noted at which the swings to 
each side of the midpoint of the scale were equal A weight of 10 Gm 

11 An interesting point has been reemphasized by the experiments of Kuno 
and Ikeuchi (J Orient Med 7 106, 1927, ibid 8 40, 1928) who found that the rate 
of insensible perspiration from the palms of the hands and the soles of the feet 
IS many times more rapid than that from equal areas of other parts of the body 
surface 
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was then placed on the subject’s side of the balance and the time noted 
when the swings again occurred to equal distances from the midpoint 
Since the period of swing of the balance was twenty seconds, the time 
for the instant of equality of the weight of the counterpoise and that 
of the subject was recorded only to the nearest half minute, that is, with 
a possible error of ±; fifteen seconds 

In table 1 the rates of insensible perspiration, expressed m grams per 
hour, are shown for thirteen different experiments The rates m each 
experiment have been calculated from the successive periods required 
for the loss of the first, second and third 10 Gm of body weight The 
total duration of each group of observations was approximately one 
hour There is a tendency for the rate of insensible perspiration observed 

Table 1 — Rates of Insensible Perspiration During Successive Periods Required 
to Lose the First, Second and Third 10 Giams of Body Weight 
(Subject Lying, Post absorptive) 



Insensible Perspiration, Gm 

per Hour 

Experiment 

r 

Period I 

period II 

Period HI 

1 

30 8 

26 3 

29 2 

2 

316 

261 

29 2 

S 

20 2 

26 6 

27 0 

4 

32 0 

285 

27 9 

5 

30 8 

30 0 

26 6 

V 

36 3 

32 8 

33 3 

7 

316 

261 

25 0 

8 

25 0 

24 0 

261 

9 

261 

29 2 

30 0 

10 

30 8 

30 8 

33 8 

11* 

32 4 

27 9 

27 2 

12* 

50 0 

461 

414 

13* 

37 5 

33 3 

30 0 

Averaget 

30 4 

280 

288 


* Raining "when subject came to laboratory 
t Not including experiments ll, 12 and 13 


during the period of the loss of the first 10 Gm , that is, during approxi- 
mately the first twenty minutes of the experiment,^- to be slightly higher 
than during the periods of loss of the second and third 10 Gm of body 
weight There is no such constant difference between the rates during 
the second and third periods, for in seven of the thirteen experiments 
the loss during the third period is greater than that during the second 
period 

On the occasion of experiments 11, 12 and 13 the subject had been 
exposed to ram on his way to the laboratory Subsequent examination 
showed that the ends of his trousers had become damp The continued 


12 Since a certain amount of time was required after the subject lay down to 
counterpoise him on the balance, the period of measurement of the first 10 Gm of 
insensible loss corresponded more nearly to thirty or forty minutes after the lying 
position was assumed, le, the time commonly considered prerequisite for the 
establishment of basal conditions m basal metabolism measurements 
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fall in the rate of insensible perspiration in experiments 12 and 13 (not 
shown in experiment 11) is therefore probably due to the vaporization 
of water from the damp clothing It is well known that woolen clothing 
can take up considerable amounts of water without becoming obviously 
wet Any possibility of the action of this factor should be excluded 
when determinations are to be made of the insensible perspiration A 
desirable modification of the routine of such experiments would be to 
have subjects who come to the laboratory from outside change at least 
their outer clothing for clothing that has been kept in the laboratory 
long enough to have reached equilibrium with the existing conditions of 
humidity 

The average rates of insensible perspiration for the first ten experi- 
ments reported in table 1, that is, not including experiments 11, 12 and 
13 that were made on rainy days, are 30 4, 28 and 28 8 Gm per hour 
in the first, second and third periods, respectively Since there is so 
little difference between the average rate in the first period and the 
average rates m the second and third periods, one can consider that the 
rate of loss is constant almost from the start of the experiment Cer- 
tainly these averages and the individual values give no evidence of a 
continued significant fall in the rate of insensible perspiration after the 
subject has been lying for thirty minutes (including about fifteen 
minutes for the adjusting and the counterpoising of the subject on the 
balance, when the insensible loss is not measured) The conclusion is 
therefore justified that after the assumption of basal conditions the rate 
of insensible perspiration becomes constant, for all practical purposes, 
within thirty minutes This conclusion is in full conformity with all 
previous findings by the Nutrition Laboratory, which have demonstrated 
that under basal conditions when the insensible loss m body weight is 
plotted with reference to the time, a straight line relationship is 
invariably noted 

The relative humidity m these experiments varied from 21 to 62 per 
cent, but, as has been noted in eailier observation m this laboratory, 
there appeared to be no consistent influence of humidity on the rate of 
insensible loss 

In two experiments measurements of the basal metabolism were 
made with the student respiration apparatus concurrently with the 
detei niinations of the insensible perspiration In one experiment the 
insensible perspiration in three consecutive periods was 30, 27 7 and 28 2 
Gm or, on the average, 28 6 Gm per hour According to the table 
published by Benedict and Root showing the twenty-four hour heat 

13 Benedict, F G , and Benedict C G A Student Form of Respiration 
Apparatus, Boston M & S J 188 567, 1923 , Em einfacher Respirationsapparat, 
Skandinav Arch f Physiol 44 87, 1923 
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pioduction of man predicted from the insensible perspiration per hour, 
the predicted metabolism when the insensible loss amounts to 28 6 Gm 
would be 1,381 calories Three actual metabolism measurements made 
simultaneously with the observations on insensible perspiration showed 
values of 1,480, 1,431 and 1,452 calories per twenty-four hours, that is, 
about 7 per cent higher than the predicted metabolism In the second 
experiment the insensible perspiration m five consecutive periods was 
30, 32 5, 32, 32 and 35 5 Gm , respectively, averaging 32 4 Gm per hour 
The heat production predicted from this average loss would be 1,494 
calories per twenty-four hours Actual measurements of the metabo- 
lism gave values of 1,549 calories m each of the first four periods and 
1,570 calories in the fifth period, values again but about 7 per cent above 
the metabolism predicted from the insensible perspiration 


EFFECT OF BODY POSITION ON INSENSIBLE PERSPIRATION 


A change in body position is accompanied by a change in metabolism, 
a somewhat higher metabolism being found m a quiet person when 
sitting than when lying and a still higher metaliohsm when standing 
The efifect of changes m position on the insensible perspiration has been 
recently studied by Heller and Natanson ° The losses of weight during 
periods of four hours each were observed by means of a balance having 
a sensitivity of 10 Gm Owing to the long periods of measurement 
it was not practicable to maintain the conditions of bodily rest that are 
lequired for determinations of basal metabolism All the subjects were 
in the fasting state, but some of them leceived up to 1,000 cc of water 
or of a salt solution during the course of the experiment Those who 
were in bed were allowed to make slight movements and to converse, 
but not continually Those who weie in the upright position were 
allowed to walk quietly about the hospital ward m which the experiments 
were made, or to sit down, but were not permitted to move about 
actively, to run, or to assist in carrying things The lesult of these 
vaguely regulated conditions of activity was that the group in bed 
showed an insensible perspiration from 31 to 46 per cent above the 
figures predicted fiom the table of Benedict and Root,^ and the upright 
group showed an increase of from 66 to 83 per cent above those 
hgures The average figure for the subjects in the upright position 
exceeded that for the subjects in bed by 36 per cent Thus seemingly 
a great influence of change in body position was noted by Heller and 
Natanson But the unknown effect of the muscular activity in their 
experiments renders them wholly unsuitable for showing the influence of 


14 Indirectly derived, after computation of the basal metabolism 
Harns-Benedict prediction tables 


from the 
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the alteration of position alone on the rate of loss of m eight by insensible 
perspiration 

With our subject, some direct, short period measurements were 
made on the effect of change m position from lying to sitting The rate 
of insensible perspiration of the subject while lying was first determined 
m several short successwe periods The subject was then allowed to 
rise from the bed m which he had been weighed and to sit quietly in a 
chair, while the bed was replaced by a chair suspended from the beam 
of the balance The subject then moved to the suspended chair, was 
counterpoised, and the measurements of the rate of insensible perspira- 
tion were continued During the intervals between the actual weighings 
the feet of the subject were supported, and he was m general made as 
comfortable and relaxed as possible After a steady rate of insensible 
perspiration m the sitting position had been established, the subject left 
the suspended chair and sat quietly, while the chair was replaced by the 

Table 2 — Effect of Body Posttwn on Insensible Perspiration (Average Values) 


Insensible Perspiration, Gm per Hour 

A 


Experiment 

Eying 

Sitting 

Eying 

1 

29 2 

35 5 

26 4 

2 

311 

32 7 

30 5 

S 

37 5 

37 2 

25 9 

4 

29 0 

35 9 

261 

Average 

317 

35 3 

27 2 


bed He then lay on the bed, and his rate of insensible perspiration was 
again detei mined during several short periods m the recumbent position 
All the changes of position were made by the subject deliberately and 
with as little unnecessary exertion as possible After each change in 
position sufficient time was allowed to elapse before observing the 
insensible loss, so that the effect of the muscular effort involved in the 
actual change m position would not be included m the measurement 
The results of four different experiments to study the effect of body 
position are recorded m table 2 Each value represents the average of 
several continuous observations Change from the lying to the sitting 
position caused an increase in the insensible perspiration The individ- 
ual results vaiied greatly, however, m spite of the precautions taken 
In the third experiment a slight decrease was observed In this instance 
the insensible loss m the lying position was exceptionally high, although 
it remained constant during the period of measurement Change from 
the sitting back to the lying position caused a decrease The individual 
decreases again showed considerable variation The insensible perspira- 
tion in the four sitting periods is on the average 5 8 Gm or 20 per cent 
higher than the average insensible loss in the eight lying periods This 
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increase is remarkably large when compared with the average increase 
of only 4 per cent which Benedict and Benedict found in the metabo- 
lism of a person as a result of a change m position from lying to sitting 
Their results likewise showed considerable variation, although the great- 
est increase observed in the metabolism due to sitting was but 10 8 per 
cent It was evident that in the measurements reported in table 2 
the subject was not made as comfortable as he could have been when 
sitting m the chan not suspended from the balance The somewhat 
constrained position which could not be completely avoided during the 
periods of actual weighing may likewise have had a greater effect on 
the metabolism than was anticipated 

INSENSIBLE PERSPIRATION DURING SLEEP 

Three experiments were made on the effect of sleep on the insensible 
perspiration when the sleep occurred during the daytime and one experi- 

Table 3 — Effect of Sleep m the Daytime on the Insensible Peispiiation 


AwaRe Asleep 

(— * — > I * — 



Total 

Insensible 

Total 

Insensible 


Time, 

Loss per 

Time, 

Loss per 

Experiment 

Min 

Hour, Gm 

Min 

Hour, Gm 

1 

33 

27 3 

43 

27 3 

2 

27 

32 8 

27 

32 8 

3 

40 

30 6 

32 

28G 

Average 


30 2 


29 0 


ment when the sleep occurred at night In the three experiments during 
the daytime the periods of sleep considered ranged from twenty-seven 
to foity-three minutes The insensible perspiration during these periods 
IS compaied in table 3 with the corresponding values for periods of 
wakefulness immediately before or after the periods of sleep There 
was no discontinuity of observations during the period of transition 
from sleep to wakefulness or vice versa The average insensible per- 
spiration during the periods of wakefulness and sleep was 30 2 and 
296 Gm pel hour, respectively No significance can be attached to 
such a small difference between the two values, and the conclusion is 
that sleep for short periods during the daytime has no appreciable 
effect on the rate of insensible perspiration 

In the night experiment, recorded in table 4, sixty-three consecutive 
minutes of wakefulness were followed by seventy-four consecutive 
minutes of sleep The length of each separate period was determined 


15 Benedict, F G, and Benedict, C G Influence sur le metabohsme de la 
position du corps et des moindres mouveraents musculaires, Bull Soc scient d’hvir 
diment 12 480, 1924, Body Posture and Minor Muscular Movements as Affectin^g 
Heat Production, Proc Nat Acad Sc 10 498, 1924 
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by the time required for the loss of 10 Gm m body weight The 
observations in this experiment were, unfortunately, not made on the 
subject in the basal state but were begun about an hour and a half after 
the ingestion of a light supper consisting of two rolls and butter and a 
cup of weak tea containing a little milk and sugar The rate of insen- 
sible perspiration changed sharply to a lower level when the subject 
fell asleep That this effect is not to be attributed to a gradual fall in 
insensible perspiration due to the passing off of an initial effect of the 
food ingested is demonstrated by the values given for the individual 
periods of the experiment in table 4 These values show clearly that 
the rate of insensible perspiration varied so slightly during the awake 
periods that it may be regarded as having been essentially constant 
The same is true of the sleep periods The average insensible perspira- 
tion during the awake periods is 286 Gm and that during the sleep 


Table 4 — Effect of Sleep at Night on the Insensible Perspn atwn 


Condition and Time 

Length of Period, 

Insensible Loss per 

Awake 

7 41 p m 

Min 

Hour, Gm 

8 02 p m 

210 

286 

8 24 p m 

21 5 

27 9 

8 44 p m 

20 5 

29 3 

Average 


28 6 

Asleep 

9 09p m 

25 0 

24 0 

9 35 p m 

25 5 

23 5 

9 58 p m 

23 5 

25 5 

10 23 p m 

25 0 

24 0 

Average 


24 3 


periods is 24 3 Gm per hour The sleep at night therefore caused an 
average fall in the rate of insensible perspiration amounting to IS per 
cent of the average value for the peiiods when the subject was awake 
The difference between the effects of sleep in the daytime and at 
night on the rate of insensible perspiration cannot be ascribed to the 
difference between the lengths of the periods of sleep under the two 
conditions The material change in the rate of insensible peispiration 
during sleep at night showed itself immediately when the subject fell 
asleep The periods of sleep observed in the daytime were long enough 
to show any similar effect, had it been present The depth of sleep 
was not determined in either condition These results differ fundamen- 
tally from those recorded by Jores^° He found a large increase in 
the rate of insensible perspiration during sleep at night This increase 
was greatest during the earlier portion of the sleep period The present 
results are in harmony with the parallel variation that has been shown 
to hold between metabolism and insensible perspiration, and with the 
fact that sleep lowers the basal metabolism about 10 per cent * 
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INSENSIBLE PERSPIRATION FROM HANDS AND FEET 

Expeiiments weie made to determine the effect of hindeiing the 
insensible loss of water fiom the hands and feet In one senes of 
obseivations the insensible loss fiom the hands and feet was hindeied 
without otheiwise modifying the proceduie that has alieady been 
desciibed foi the determination of the insensible perspnation In 
another senes the loss from hands and feet was not only obstructed 
but the feet weie warmed at the same time, and in still a thud series 
the loss w^as hmdeied fiom the hands only The loss of water fiom 
the feet was hmdeied, it not pi evented, by coveiing the feet with 
lubbei overshoes chosen to fit the subject’s feet as closely as possible 
Ihe uppei border of the ovei shoes w^as fastened to the skin by a strip 
of adhesive plastei The hands were coveied with itibber gloves and 
tightly fitting lubber bands w'eie placed around the wrists ovei the 
G^loves The measurements seemed when both the hands and feet weie 
coveied in this way aie given in table 5 In thiee of the experiments 

Tabic 5 — Ejjcct on Insensible Pei spn alion of Coveting the Hands and Feet to 

Eltndci Then Loss of JVatei 


Insensible Perspiration, Gin per Hour 


] \permicnt 

Diicovcred 

Covered 

Dneovered 

Covered 

1 

281 

20 C 

20 2 


0 


28 1 

33 0 

28 0 

1 

no 

25 5 

31 0 


4 

25 3 

20 3 

24 3 


5 


20 4 

25 7 



the insensible perspnation was detei mined in the oidinary way befoie 
the hands and feet weie coveied In the other two experiments the 
hands and feet ivere coveied fiist The lelative humidity varied from 
35 to 56 pel cent and the room tempeiature from 16 1 to 25 9 C In 
eveiy experiment the late of insensible peispiiation was maikedly 
diminished by hindeiing the loss from the hands and feet When the 
coveimg ivas lemored after a period long enough to allow equilibiium 
in the loss to become established again under the altei ed conditions, 
the late of insensible perspnation soon leturned to approximately its 
oiiginal value In these expeiiments the mean value of the insensible 
peispiiation ioi all instances ivhen the hands and feet were uncovered 
w^as 28 3 Gm pei horn When they wei e covei ed, the average rate fell 
to 24 Gm The diffeieiice is 4 3 Gm The insensible loss from the 
hands and feet therefoie amounts, on the avCiage, to 15 per cent of 
the total insensible peispiration under basal conditions 

It has been shown by Benedict and Benedict that imdei basal con- 
ditions the loss of watei from the skin is approximately 50 per cent 
of the total insensible peispiration Since the total insensible Joss of 
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our subject m the experiments repoited m table 5 averaged 28 3 Gm 
per hour, the calculated total loss from the skin would be about 14 2 
Gm By hindering the loss of watei from the hands and feet the 
loss from the skin was decreased by 4 3 Gm Hence the loss from 
hands and feet lepresents 30 per cent of the total skin loss Du Bois 
and Du Bois showed that the area of the hands and feet, measured 
to the wrists and ankles, respectively, amounts to approximately 12 per 
cent of the total area of the body The hands and feet must therefore 
lose water under the conditions of temperature and humidity in our 
experiments nearly three times as fast per unit of skin area as the rest 
of the surface of the body per equal unit of skin area 

In two experiments the feet of the subject were heated by applying 
to the bare soles a rubber water bottle containing water at a tempera- 
ture as hot as he could endure Observations under these conditions 
were made with and without the rubber coverings on the hands and 
feet The relative humidity was 55 per cent and the room temperature 
20 C In the first experiment the insensible loss when the extremities 
were uncovered averaged 42 Gm , when they were covered 32 Gm , 
and when they were again uncovered 48 2 Gm per hour In the second 
experiment observations made in the same order gave results of 
39 1, 25 9 and 30 9 Gm , respectively According to the data m table 1 
the average insensible perspiration of this subject under ordinary basal 
conditions was about 28 4 Gm per hour Warming the feet (but with 
the extremities not covered) caused an increase on the average to 40 5 
Gm , that is, an increase of 40 per cent When the hands and feet 
were covered, there was, as in the previous experiments reported in 
table 5, a marked decrease in the rate of insensible perspiration from 
an average of 40 5 Gm to an average of 29 Gm In these two experi- 
ments, therefore, the average decrease amounted to 12 Gm , m striking 
contrast to the decrease of 4 3 Gm noted in the experiments recorded 
m table 5 m winch the feet had not previously been warmed 

In two experiments the effect on the insensible perspiration of 
covering the hands alone was observed A diminution of the insensible 
loss was noted, although to a lesser degree than when both hands and 
feet were covered 

The experiments reported in the foregoing pages accentuate the 
importance of observing strictly basal conditions when one is measuring 
insensible perspiration The experience of the Nutntion Laboratory, 
certain hospital usage m Boston, and particularly the experience of 
Professor Newburgh,^’' emphasize the belief that the accurate measure- 

16 Du Bois, D , and Du Bois, E F The Measurement of the Surface Area 
of Man, Arch Int Med 15 868 (May) 1915 

17 Newburgh, L H , and Johnston, M W The Exchange of Energy Between 
Man and the Environment, Springfield, III , Charles C Thomas, 1930 
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ment of the insensible perspiration ma}' have considerable clinical value 
Ihe method has its limitations, which must be cleaily recognized, and 
It IS obvious that it must not be misused 

hVMMAKY 

1 When ineasuied under the usual conditions obtaining in basal 
metabolism expeiiments, the rate of insensible peispiration of an adult 
man became constant within thiity minutes after the assumption of 
the lying position 

2 Changing fiom the lying to the sitting position caused an inciease 
of 20 pel cent in the rate of insensible perspiration under the special 
expel imental conditions 

3 Sleep duiing the daytime had no significant effect on the rate of 
insensible perspiration Sleep at night lowered it maikedly 

4 About 15 pel cent of the total loss by insensible peispiration was 
due to the loss from the sui faces of the hands and feet Of the total 
skin loss, 30 per cent was derived fiom the surfaees of the hands and 
feet 

5 The rate of loss fiom the hands and feet was approximately 
three times greatei than that from the rest of the skin per equal unit 
of skin area 

6 Heating the feet increased the loss by insensible perspiration 
considerably 



CLINICAL SIGNIFICANCE OF FOLUME AND HEMO- 
GLOBIN CONTENT OF THE RED BLOOD CELL 


RUSSELL L HADEN, MD 

CLEVELAND 

In 1864, Welchei ^ desciibed the fiist method foi deteiminmg the 
volume of the erythrocAde and measured in cuhic micions the volume 
of the 1101 mal cell of man and of maity lowei animals By his ingenious, 
hut inaccurate, method, Welcher also showed that m chloiosis the led 
cells may he smallei than noimal and thus he made the first clinical 
application of the determination of the -volume of the erythrocyte 
Hayem,- the fathei of clinical hematology, early lecognized the impor- 
tance of variation m the size of the led cells although he measuied onh 
the diameter Laache,“ in the fiist monogiaph on anemia, measured the 
diameter of the red cells in every case of anemia, and showed especially 
the gieat significance of maciocytosis of the ei 3 dhrocytes in pernicious 
anemia Malassez,'‘ one of the impoitant eaily contiibutors to hema- 
tology, reported the hemoglobin content m miciomiciogiams per cell in 
diflteient types of anemia Using Welcher’s figuies foi the volume 
of the normal cell, Malassez calculated the hemoglobin also in per- 
centage per unit volume of cell Similai calculations were made by 
Halt ® in 1881 

Hedin’s development of the hematocrit® affoided the fiist simple 
and direct method foi deteiminmg the volume of the led blood cell 
Heiz’^ first used the hematociit to measuie the mean individual cell 
volume, which he designated “das mittleie Volumen dei emzelnen 
Zellen ” He calculated also the “specific hemoglobin content of the 
cell,” which IS the same as the satuiation index It remained, howevei, 
for Capps to demonstrate, in 1903, the clinical significance of varia- 

Submitted for publication, Aug 19, 1931 

From the Cleveland Clinic 

1 Welcher, H Grosse, Zahl, Volum, Oberflache und Farbe der Blutkor* 
perchen bei Menschen und bei Tieren, Ztschr f rat Med 20 257, 1863 

2 Hayem, G Recherches sur I’anatomie normale et pathologique du sang. 
Pans, Masson &. Cie, 1878, p 143 

3 Laache, S Die Anamie, Kristiania, Mailing, 1883, p 276 

4 Malassez, L Sur la richesse en hemoglobine des globules rouges du sang. 
Arch de physiol norm et path 4 637, 1877 

5 Hart, E Micrometric Numeration of the Blood Corpuscles and the Esti- 
mation of Their Hemoglobin, Quart J Micr Sc 21 132, 1881 

6 Hedin, S G Hamatoknten, en ny apparat for blodundersokning, Skan- 
dinav Arch f Physiol 2 134, 1890-1891 

7 Herz, Max Blutkrankheiten, Virchows Arch f path Anat 133 339, 1893 

8 Capps, J A A Stud}"- of Volume Index Observations upon the Volume 
of the Erythrocyte in Various Diseased Conditions, J M Research 10 367, 1903 
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tions m the volume of the a\ciugc ci\thioc)lc. uhich he lecoulecl in 
teims of his volume index Following Capias' impoilant contiibulion 
little use uas made ot cell volume dcteiminations by hematologists foi 
a number of >eais In the past ten >cais. howe\ei, intciest m this 
phase of blood studies has been icMvtd, and a number of ai tides on 
cell sire have appealed'’ 

It IS the puiposc of this papei to summaiizc the clinical significance 
of the accurate detciinmation of the rolumc and hemoglobin content of 
the led cell m health and disease and to rcpoit the icsnlts of such 
studies on 444 noimal and abnoimal poisons 

ME J HODS 

In cleterniming liic reintne red cell \oluuit, I ha\c lucd the hcin.itoeiit method 
This method has been cntici/ed. especinlb h\ Ponder and Saslo\\P“ ns not guing 

9 Alder \lberi Viscosinictnciics r.lutKorpcrcheinoltimbcstiniiniing Sln- 
dien liber Gro'^se nnd Ilaemoglobinfulhng dcr Er\lhroc\lc Cor -151 t schwci/ 
Acrztc 48 1-105, I91S Bonninger, M Die Bedentnng dcs Phukoi percheinohi' 
mens lur die khni«che EhiUmtcrsnehung, Ztsehr f klin Med 87 4s0, 1919 Csake 
L Die Vohimmcssnng der lothcn Blutkorperelien bei \eischiediinn Krankhiilin, 
Ztsehr i khn Med 93 -105, 1922 Froeheh, Came Lebei gen, me Bisiimmnnp 
des F.irbcindcv dcr roten Blutkorperelien, F irbcindcv (Zihl) mid F“irbeiTu!e\ 
(Volumcn), Folia hacmat 27 109, 1921-F>22 linden, R I \ctnrn(e Cnte'ria 
lor Diftcrcntiating 'Vncmias, \rcli Iiil Med 31 7C>6 (Itl.n) P^23 Ko^sd.iU 
Geoigc Obscr\ aliens vuh the ILicmatocnl Volume-Colour Index, Qnnrf I 
Med 16 245, 1923 Iladcn, R L The Value of V'olumc Index in tiie Dt igiiosis 
oj Pernicious Anemia, J A M A 83 671 (Aug 301 1924 J lu N'olume md 
Hemoglobin Content of the Lr\tlirocetc m Health and Disease, Foha 

haeniat 31 113, 1925 eon Boros, T Ucbei Greissc, Volumcn iintl Foim dtr 
menschhehen Er\thio/elcn iind deren Zus.immenlnng V icn Arch f mn Med 
12 243, 1926 Osgood, E E Hemoglobin, Coloi Indtx, Situration Index and 
Volume Index Standards, Arch In( Itlcd 37 6S5 (^^a^l 1926 O'-good F E . and 
Haskins, H D Relation Between Cell Coiinl Cell \ olumc and Hemoglobin 
Content of Venous Blood of Hornial Young V omen, \icli Ini Mai 39 634 
(May) 1927 Jorgensen, S, and tVaiburg, E J I lie Indices and Diaiiietirs of 
the Erythrocytes and the Best Hematological Ciitciion of Pcuueious \neuua. 
Acta med Scandmne 4G 109, 1927 Wmtrobc, M M, and Miller. \V 

Normal Blood Dctcimmations m the South, Arch Int Med 43 96 (lan) 1929 
Wmtrobc, M kl Blood of Noiinnl Young Women Residing in a Subtropnal 
Climate, Arch Int kicd 45 287 (Peb 1 1930 , 7 he Volume nnd Hemoglobin Con- 
tent of the Red Blood Corpusele, \m J M Sr 177 513, 1929 Muiplu, W P, 
and Fitrluigh, G Red Blood Cell Si/c m Anemia Its Value m DifTeiciKial Diag- 
nosis, Arch Int Med 4C 440 (Sept) 1930 Wmliobe, kf M Hanoglohin 
Content, Volume, and Thickness of Die Red Blood Corpuscle m I\rniuous Anemia 
and Sprue, and the Changes Associated with Li\ei 7heiap\, \m I M Sc 18l' 
217, 1931 Iladcn, R L Methods and Clinical \hihic ot the Determination of 
the Sire of the Red Blood Cell, Am J kl Sc 181 597, 1931 

10 Ponder, E, and Saslou, G 7 he kreasurement of Red Cell Volume T 

Phvsiol 70 18, 1930 ' euiine, j 
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correct absolute values It remains, however, the one practical method available, 
and when properly done gives values that check closely with those of other entirelj 
different methods, such as that devised by Bleibtreu 

In the hematocrit method an anticoagulant that does not change the volume 
of the cells should be employed Hirudin and hepaim are satisfactory but expen- 
sive I have used an isotonic (14 per cent) solution of sodium oxalate,!^ which 
IS decidedly preferable to a solid or a concentrated solution of sodium or potassium 
oxalate which shrinks the cells The only advantage of the latter procedure is the 
use of smaller amounts of blood, yet there is seldom any objection to taking 20 
cc of blood from a patient The greater the extent of the anemia the smaller the 
volume of cells removed, so the amount of cells removed is always relatively the 
same A normal person has roughly 2,500 cc of packed cells, hence, in taking 
20 cc of blood, about one two hundred and fiftieth or 0 4 per cent of the total 
cell volume is removed Since the blood volume changes little, a person with a 
cell volume of 40 per cent of normal would have only 4 cc of packed cells removed, 
which IS still 0 25 per cent of the amount of cells present 

My procedure is as follows I remove 20 cc of blood from the median basilic 
vein, and add exactly 10 cc to 2 cc of 1 4 per cent sodium oxalate solution con- 
tained in an accurately graduated 12 or 15 cc centrifuge tube This is spun in an 
International no 2 centrifuge for one hour at 2,500 revolutions per minute The 
remaining 10 cc has 2 drops of a saturated solution of potassium oxalate added to 
It and IS used for the cell count and hemoglobin determination All cell counts 
have been made with counting chambers and pipets certified as correct by the 
United States Bureau of Standards Nearly all the hemoglobin estimations have 
been done by the oxjgen capacity method using the Van Slyke apparatus Recently 
hemoglobin readings have been made with the Haden-Hausser hemoglobinometer 
which has given readings that check closely with the gasometnc procedure The 
determinations that were made by means of the hemoglobinometer are indicated in 
the tables by a star The number of determinations made by this method is onlv 
31 among a total of over 500 determinations reported here 

In calculating the percentage of hemoglobin, 15 4 Gm per hundred cubic centi- 
meters IS taken as 100 per cent since this is the average amount that I have found 
per hundred cubic centimeters per five million cells in 100 normal men and women 
The amount of packed cells will vary somewhat, although very little, with the 
time and force of centrifugation With one centrifugation for one-half hour, 48 
cc of packed cells per hundred cubic centimeters per five million cells was obtained , 
with another for one hour, 45 cc With the centrifuge used most of the time and 
employing one hour’s centrifugation 46 cc was obtained, so all the results have been 
corrected to this figure, which is taken as 100 per cent 

The size of the cell may be measured by determining the diameter Since the 
volume varies as the cube of the diameter, it is apparent that the volume is a much 
more sensitive indicator of variation m size than is the diameter This point is 
illustrated in figure 1 

11 Bleibtreu, M , and Bleibtreu, L Eine Methode zur Bestimmung des 
Volums der korpeihche Elemente in Blut, Arch f d ges Physiol 51 151, 1891- 
1892 

12 Haden, R L The Technique of Determination of the Relative Mass, the 
Individual Cell Volume and the Volume Index of the Ervthrocjtes of Man, J Lab 
& Chn Med 15 736, 1930 

13 Haden, R L A New Hemoglobinometer, J Lab & Chn Med 16 68, 
1930 
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TERMINOLOGY 

Niimhei —The numbei index is the number of eiytlirocytes relative 
to normal (5,000,000 equals 100 per cent) 

yolume—i:\i^ volume coefficient “ is the number of cubic centi- 
meters of packed cells pei five million cells pei bundled cubic centimeteis 
of blood This IS calculated by dividing tbe number of cubic centi- 
meters of packed cells pei bundled cubic centimeteis b}^ tbe number 
index The noimal volume coefficient in this sciies was 46 

The mean coipuscular volume is the mean \olume of a single red 
blood cell in cubic microns This is calculated by dividing the volume 
of packed cells m a unit \olume of blood by the numbei of cells con- 
tained therein Tbe noimal m this seiics was 92 cubic micions 



NOAMAL ADULTS PLRMC/OU5 SfiCOMDARY CHROMIC 
VOLUME mmoo AMEMIA AMEMIA limORRliAGlC 
(AVER 62 CASES) UOLUME (NDD( 146 NOf bUI/’^CIlRONlC ANLMIA 

MRidSCASESI HLMORRliAGE VOLUME INIHOZd 
imiMLlNDDCOO] (AVER 10 CASES) 

(AVER 150 CASES) 

1 — Relation of cell volume to cell diameter The mean corpuscular \olume 
IS the most sensitive mdicatoi of i anation in cell si/c 

The volume index is tbe mean volume of a single icd cell relative 
to normal This is calculated by dividing the volume of packed cells in 
per cent of noimal by the number of ceils in pci cent of noimal, oi the 
number index, oi by dividing the obscived mean coijHisculai volume 
by the normal mean corpusculai volume The noimal limits of the 
volume index are taken as 0 90 and 1 10 

Hemoglobin Content — The hemoglobin coefficient is the number 
of grams of hemoglobin pei five million cells pei hundi ed cubic centi- 
meteis of blood This is calculated by dividing the obseived numbei of 
grams of hemoglobin per bundled cubic centimeteis by the numbei index 
The noimal hemoglobin coefficient m this senes was 15 d Gm 


14 Term suggested by Osgood 

15 Term suggested by Wmtrobe 
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The mean corpuscular hemoglobin is the mean hemoglobin content 
of a single red cell m micromiciogiams This is calculated by dividing 
the numbei of micrograms of hemoglobin in a unit volume of blood 
by the numbei of cells contained theiem The noimal mean coipuscular 
hemoglobin content m my series was 30 8 micromicrograms 

The color index is the mean hemoglobin content of a single cell 
relative to normal This is calculated by dividing the hemoglobin m 
per cent of normal b}'^ the number of cells m per cent of normal or the 
number index, or by dividing the observed mean corpuscular hemo- 
globin b}"- the normal mean corpuscular hemoglobin The noimal limits 
of the color index are taken as 0 90 and 110 

Hemoglobin Conccnti ation — ^The mean corpuscular hemoglobin con- 
centration IS the mean hemoglobin concentration in per cent per unit 
volume of cells This is calculated by dividing the hemoglobin in a 
unit volume of blood by the volume of packed cells contained therein 
The normal corpusculai hemoglobin concentration in this senes was 
33 7 per cent 

The saturation index is the mean corpuscular hemoglobin concen- 
tration relative to normal This is calculated b}' dividing the hemoglobin 
in per cent of noimal by the numbei of packed red cells in pei cent of 
normal, oi by dividing the coloi index by the volume index The normal 
limits of the coloi index are taken as 0 90 and 1 10 

The absolute volumes for the red cell constants seemingly vaiy 
geogi aphically For this reason it seems prefeiable in clinical work 
to express the volume, hemoglobin content and hemoglobin concen- 
tration in pel cent of normal (volume, coloi and saturation index) 
rather than in cubic micions, micromiciogiams and per cent With 
coriect adjustment the indexes aie evei 3 nvhere always within normal 
limits (0 90 and 1 10), even with a great difference m the volume 
of the average cell in cubic microns and in the hemoglobin content in 
micromicrograms 

NORMAL OBSERVATIONS 

The unifoimity of the volume and hemoglobin content of the red 
cell in healthy pel sons m a given location is most lemarkable There 
IS little variation in cell size m diffeient peisons, and single cells 
vary only within very nariow limits In determining my standards, 
I have studied 100 normal men and Avomen by the methods described 
The typical determinations m 10 peisons and a summary for the entire 
gioup are shoAvn in table 1 The cell Amlume, hemoglobin content and 
hemoglobin concenti ation did not vary from the mean more than =fc 10 
per cent and m feiv persons more than dz 5 pei cent The volume 

16 Haden, R L The Geographic Variation in the Size of the Red Cells, J 
Lab & Chn Med 14 1120, 1929 
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coefficient was 46 , the hemoglobin coefficient 15 4 Gin and the hemo- 
globin concenti ation 33 7 per cent The average volume, color and 
saturation indexes were 1 00 These figures were taken as 100 per 
cent in calculating the percentages and indexes The normal observa- 
tions in 100 men and women are shown graphically in figure 2 

LABORATORY CLASSIFICATION OF ANEMIA ON THE BASIS OF 
VOLUME AND HEMOGLOBIN CONTENT 

The laboratory classification of anemia has always been unsatis- 
factory A rough differentiation into primary and secondary types is 
frequently used The anemias showing a color index greater than 1 00 



Fig 2 — The indexes and erythrocyte constants in 100 normal men and women 
Note the very slight variation for the entire group 

are usually classified as primary and those showing a color index of 
1 00 or less as secondary Hampson and Shackle have suggested the 
classification of anemias on the basis of cell size, using the terms 
megalocytic and nonmegaloc 3 d;ic Wintrobe suggested four groups 
(1) macrocytic, (2) normocytic, (3) simple miciocytic and (4) hypo- 
chromic Certainl}'^ the most logical laboratory classification is based 

17 Hampson, A C , and Shackle, J W Megalocytic and Nonmegalocytic 
Anemia, Guy’s Hosp Rep 74 193, 1924 

18 Wintrobe, M M Classification of the Anemias on the Basis of Differ- 
ences m Size and Hemoglobin Content of the Red Corpuscles, Proc Soc Exper 
Biol & Med 27 1071, 1930 
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on all thiee vauables of the ei}thiocyte, namely, numbei si/c and hemo- 
globin content The f ollo^^ mg tei ms may well be employed to indicate 
vaiiations that have been observed m these factois 


Xumtier 

Volume 

Hemoglobin content 


Ilyporcjtliomic reel cell count > normal 
Kormocj themic reel cell count ^^^thln normal limits 
Hjpoojtlicmic red cell count < normnl 

Mncrocjtic mean corpuscular \olume > normnl (VI > 1 10) 

Normocr tic mean corpusculnr t olumc, normnl (VI = 0 oo 1 10) 

^lleroc^ tic mean corpuscular \ olumc < normal (VI < 0 00) 

Hipcrchromic mean corptisculnr hcmoglohln > normal (Cl >110) 
^orJnoc))romIC mean corpu'culnr liemoKlolun, normal (Cl = 0 001 10) 
Hypochromic mean corpuscular hcmofrlobln < normnl (Cl <0<)0) 


All the different types of anemia that ma} occur fiom this stand- 


point are 


Kormoeytlicmlc 

Hipercytlicmic 


Ilrpocvthcm'c 


( Normoertte and hr pocliromic 
\ Microcjtic and htpochromlc 
( J>ormocytlc and hjpoihromlc 
Microcytic and hipochromic 
Macrocytic and lijperchromle 
Jfacrocytfc and normochromic 
Mncrocitlc and li\ pocliromic 
Xormocrllc and normochromic 
>ormocjtlc and In pocliromic 
Microcjtic and In pocliromic 
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Fig 3— The diftcrcnt types of anemia classified on the basis of numbei, lohime 
and hemoglobin content of the erythrocytes 


These difieient types of anemia aic illiistiated in figuic 3 The 
cades indicate i dative volume, not diamctei, and the mtensity of color 
indicates the relative hemoglobin content A tjpical cxam(ile of eacli 
t}pe of anemia is given Evciy anemia should be lliouglit of m teims 
of numbei, volume and hemoglobin content of the aveuige eiythiocytc, 
and eveiy case should be classified on such cnteiia An anemia with 
a red cell count of 3 50 millions, a volume index of 0 75 and a coloi 
index of 0 65 is lepoited as a hypoc} themic, miciocjtic and hyno- 
chioinic anemia lather than simply as “secondaiy” anemia Likewise 
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an anemia with a count of 2 00 millions and a volume and coloi index 
of 1 50 IS recorded as hypocythemic, macroc 3 dic and hyperchromic 
rather than “primary ” 

OBSERVATIONS IN DIFFERENT CLINICAL GROUPS OF ANEMIA 

The clinical classification of anemia is even more confusing than the 
laboratory classification Ever}'- anemia, however, is due to increased 
blood loss or decreased blood formation or to a combination of these 
two factors Increased blood loss may be mechanical or may result 
from increased destruction within the body, and the anemias due to 
decreased blood formation may result from a qualitative depression 
of bone marrow activity oi may be the lesult of quantitative defect 
due to an actual decrease m bone mariow tissue The clinical classi- 
fication of anemia that I have used with the more common causes in 
each group is as follows 

I Increased blood loss (acute or chronic) 

A Mechanical loss 

1 Uterine bleeding 

2 Hemorrhoids 

3 Peptic ulcer 

4 Disturbances of blood coagulation 

5 Trauma 

B Accelerated destruction 

1 Chronic hemolytic jaundice 

2 Acute hemolytic anemia 

3 Splenic anemia 

11 Decreased blood formation 
A Qualitative defect 

1 Malignant growth 

2 Infection 

3 Chronic intoxication 

4 Metabolic disturbance 

5 Dietary deficiency 

6 Achlorhydria (simple) 

7 Pernicious anemia 

B Quantitative defect 

1 A decrease in the bone marrow by bone disease, malignant or 
leukemic infiltration 

I have grouped all the anemias studied accoidmg to this clinical 
classification In the tables typical examples of the diffeient types are 
given to show the extremes of the determinations In table 2 are shown 
the anemias due to acute mechanical blood loss Here the number of 
cells IS reduced without change in the mean volume, and with little 
change m the hemoglobin content A part of the circulating blood is 
sliced off, so to speak, and the fraction lemaming is relatively normal 
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In chronic mechanical blood loss the deteiminations are quite dif- 
ferent (table 3) Here with a vaiying cell count the mean cell volume 
IS practically always deci eased and the hemoglobin content deci eased 
even more The average cell count in this gioup was 3 25 millions, the 
volume index 0 83, the color index 0 66 and the satin ation index 0 90 



Fig 4 — The mean corpuscular volume of the erythrocyte m pernicious anemia 
contrasted with that in other types of anemia The volume is constantly high in 
pernicious anemia and seldom above normal m otlier types 



Fig 5 — The mean corpuscular hemoglobin of the erythrocyte m pernicious 
anemia contrasted with that in other types of anemia 

The anemias due to inci eased blood destruction constitute an inter- 
esting group (table 4) The cell volume is seldom decreased and is 
often increased If many i eticulocytes are present, the average volume 
is usually greater than normal since reticulocytes tend to be larger than 
normal The average cell count in this group was 2 69, the volume 
index 1 04, the color index 0 93 and the saturation index 0 93 




Table 4-Dctcnm,iat,ons in Anemia Due lo Inc, cased Blood Loss f,om Accclcatcd Blood Dcshnctwn 
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HADEN—VOLUME and content of red blood cell 1045 

The anemias due to defective blood foimation make up by far the 
largest group (table 5) The peinicious anemia group is summarized 
seplirately In table 5 aie shown the typical deteiminations in 30 cases 
of anemia othei than pernicious anemia due to a depression of bone 
marrow foimation These anemias vaiy greatly, m many theie is lela- 
tively little change m the cell volume, in othei s, especially with a high 
red cell count, thcie is a great decrease m cell volume A coloi index 
within 1101 mal limits is seldom found in this group, and the satuiation 
index IS usually well belon normal In this entiie group only 4 patients, 
other than those suffering from pernicious anemia, had a mean cor- 
puscular volume greater than 1 The clinical diagnoses weie anemia 
due to infection of the arm following vaccination, cancel of the stomach, 
cancer of the colon and von Jaksch’s anemia The average red cell 



Fig 6 — Tlie mean corpuscular hemoglobin concentration in pernicious anemia 
contrasted with that in other tj’pcs of anemia TJie hemoglobin concentration is 
ne\er above the normal limit 

count was 3 46 millions, the volume index 0 86, coriespondmg to a mean 
corpuscular volume of 78 cubic microns, the coloi index 0 77, indicating 
a mean coipuscular hemoglobin of 23 7 mici omici ogi ams of hemoglobin 
per cell, and the satuiation index 0 90, which is equivalent to a hemo- 
globin concenti ation of 301 per cent The lowest volume index was 
0 63, the lowest color index 0 37 and the lowest satuiation index 0 60 
The led cell count varied from 1 60 to 5 96 million 

Duimg the period of this study 160 cases of pernicious anemia 
have been seen The deteiminations in 20 patients with widely vaiying 
red cell counts aie shown in table 6 The aveiage count foi the entiie 
senes was 185 millions, the volume index 143 (mean coipusculai 
volume, 132 cubic microns), the coloi index 1 31 (mean coipusculai 
hemoglobin, 404 microniicrograms), and the satuiation index 0 91 




Table 6 — Determinations in Peinicions Anemia 
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H/IDEN— VOLUME AND CONTENT OF RED BLOOD CELL 1047 


(mean corpusculai hemoglobin concenli ation, 30 7 pei cent) The 
lowest volume index was 1 13 and the highest 2 24, the lowest color 
index was 0 80 and the highest 1 87 The satuuition index was nevei 
over 1 00 be 3 ^ond the limits of eiioi 

The one constant feaUne of the blood in pernicious anemia is the 
maciocytosis, as shown by the inci cased volume index In the active 
cases the mean cell Aolume is well inci eased although it tends to be 
liighei with the lelativel) low counts Sixty pei cent of the cell counts 
in pernicious anemia aie below 2 0 niilhons while only 14 pei cent of 
the othei t 3 'pes of anemia aie below^ 2 0 millions I have leported 
elsewliei e the con elation of the gastiic analysis and the maciocytosis 
of the red cells m the diagnosis of iicinicious anemia I have seen no 



UDMEAN CORPUSCULAR HCMOGLOBINJ 

ESMCAN CORPUSCULAR HEJA06LOE1N CONCEOTRATION 

Tiff 7 - ^Erythrocyte constants (number, mean corpuscular volume, mean cor- 
puscular hemoglobin and mean corpuscular Iiemoglobm concenti ation) m the dif- 
ferent clinical groups of anemia 


untieated patient with an active case of pcinicious anemia wuthout a 
macrocytosis or with fiec hydiochloiic acid m the gastric contents 
A patient having a plus volume index with an achloih^^diia piactically 
without exception has pernicious anemia The diagnosis of an unti eatcd 
pernicious anemia in the absence of these two ciiteiia is ahvays open 
to question On the othei hand, maciocytosis is seldom seen except m 
pernicious anemia Exceptions are seen in the acute anemia of preg- 
nancy, some parasitic anemias and the hemolytic anemias due to hemo- 
lytic jaundice and to toxins 


19 Haden, R L Macrocytosis of the Erythrocytes and Achlorhydna in Per- 
nicious Anemia, J A M A 98 202 (Jan 16) 1932 




Tablf 8 — Dctenmnahons in Polycvthcmin 





n ADEN— VOLUME AXD CONTENT OE RED BLOOD CELL 1049 

The anemias due to a quantitative defect in blood formation aie 
lelatively few The group that I ha\c studied aie summarised in 
tabic 7 Here the cell volume and hemoglobin content are relatively 
normal as one would expect It is ahvays difficult to know just -what 
cases to put in this gioup In leukemia, wdiile there is a decrease m 
led cell foiming tissue by the infiltration, theie may be also a depression 
of bone man ow foimation secondaiy to the toxemia chaiactenstic of 
the disease 

The determinations in a small group of polyc) themia vera aie 
showm in table 8 The cell volume was noimal in 4 cases In one with 
a count of 9 60 millions, the volume index w^as 0 83 and the coloi index 
w^as 0 78 In the otheis the color index w^as relatively noimal and the 
satuiation index w-^as noimal in all It is probable that the peicentage by 
volume of packed cells cannot exceed 75, therefoie if the cell count is 
above 7 50 millions, the mean corpusculai volume necessai il}’- deci eases 

The detei mmations m the 444 cases repoited heie are summanzed 
in table 9, and in figuies 4, 5. 6 and 7 Fiom the standpoint of classi- 
fication the important points are 

1 Theie is a lelativclj slight change m mean cell volume and hemo- 
globin content in the acute anemia of hemorrhage oi m quantitative 
defects m blood formation Heie there is a decrease m the number 
of cells, but the cells remaining are lelatively normal 

2 There is a maiked decrease m cell volume and hemoglobin content 
Avith long-continued mechanical blood loss As the bone mariow is 
depleted, the cells become smaller with a low hemoglobin content 

3 In anemia due to acceleiated blood destiuction there is a tendency 
to maciocytosis i\Iost of the cases in this group show an increase m 
leticulocytes, wdiich are laiger than noimal, hence the mean cell volume 
is gicatei than normal This is not a constant observation, however 

4 In pernicious anemia macrocytosis is constant and marked 

5 In polycythemia the cell volume is unchanged until the count is 
high at w Inch tune the cells become smallei 

VALUE or THE VOLUME AXD HEMOGLOBIX^ CONTEXT IN 

PROGNOSIS 

In pci melons anemia a persistence of macrocytosis in spite of ade- 
quate tieatmeiit is a very unfavorable sign, since the macrocytosis is 
CMdcnce of a lack of some principle necessaiy for normal blood for- 
mation This is an unusual observabon. but is made occasionally 

In othci hpes of anemia the greater the decrease in average cell 
xolume the gicatci is the depletion of bone marrow and the longer the 
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time required foi the return of the blood to normal For instance, 
one expects more lapid and satisfactory results from treatment in a 
patient with a cell count of 3 0 millions, a volume index of 1 00 and 
a hemoglobin content of 30 per cent than in a patient with the same 



Fig 8 — Relation of hemoglobin to cell volume with constant red cell count and 
hemoglobin but a varying volume of packed cells In A the red cells are of normal 
size and half filled with hemoglobin, so that they have only to be filled with hemo- 
globin in order to return to normal , in B the cells are three-fourths normal size and 
two-thirds filled with hemoglobin , in C the cells are only half the normal size, but 
are filled with hemoglobin, so that both the cell mass and the hemoglobin must be 
increased to return to normal 



Fig 9 — Changes in erythrocytes in three patients with pernicious anemia who 
have had adequate liver treatment Note the simultaneous return to the normal line 
of the count and mean corpuscular volume 

cell count and hemoglobin content but with a volume index of 0 65 
There are two reasons for this The small cells indicate marked bone 
marrow depletion and hence a more serious state of the blood-forming 
tissue, and the hemoglobin cannot be increased until the cell volume is 









Iaisik 10 — Dclcninuatiojis in Patients zuitji Ptrmcioiis Aiiciiiia Adcquatclv Ficattd xvxth Lizer oi Livct Substilntts 
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increased The foinialion of stroma, oi heiiioglobm-carrymg substance, 
must piecede the fonnation of hemoglobin This point is illustiated 
m figure 8 



Fig 10 — Cliangcs m erythrocytes in three patients with pernicious anemia who 
have liad inadequate oi no liver treatment Note that the cell count remains below 
normal and the mean corpuscular volume constantly above the normal line 



Fig 11— Daily determinations of the erythrocyte constant in a patient with 
pernicious anemia who has had adequate liver treatment 


1IIE \olxjme and hemoglobin content as an index 

OF THER'tPy 

W.tl. the „ewe. metliods of t.eatment for pernicious anemia the 
Moot! luli icturil to iioiiiMl As the red cell count rises to normal 
the mean coiptiscular tohime indicated by the volume index falls so the 
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lines indicating these two factois convei'ge to a point on the base line 
No patient with pernicious anemia is adequately and satisfactorily 
treated until the volume index has leturned to normal The aim of 
treatment is the relief from the anemia and the prevention of subacute 
combined degeneration of the spinal cord The persistence of the 
anemia or the development of a cord lesion is the best of evidence 
that the deficiency responsible for the disease is not propeily supplied 
Since the advent of liver therapy, patients have been constantly seen 
who have taken enough liver to improve the anemia but not enough 
to return the blood to normal In such patients a macrocytosis per- 
sists and usually a cord lesion develops duiing the period of treatment 
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Fig 12 Changes in er 3 'throcytes in a patient with simple achlorhydric anemia 
treated only with Bland’s mass pills (60 grams [3 8 Gm ] daily) Note the rela- 
tive constancy of the count while there is a gradual increase in the mean cor- 
puscular volume The cell mass increases greatly and is finally almost completely 
filled with hemoglobin 


In a general way the color index follows the volume index, but the 
color index may fall to normal with a persistence of the macrocytosis 
In table 10 are shown the deteiminations in a group of patients 
who showed the chaiacteristic response to adequate liver therapy 
This IS illustrated in figure 9 The determinations in a group of 
patients who did not receive hvei therapy or who received insufficient 
hver therapy are shown in table 1 1 and figure 10 The determinations in 
a single patient with daily blood studies are shown in table 12 and figure 
11 In the case of eveiy patient suffering fiom pernicious anemia a care- 
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ful blood stud} should be made at regular inteivals to see that the \olume 
index has returned to normal and has remained normal 

In other types of anemia the aim of treatment is also to return the 
blood to normal Here also careful studies of cell volume and size 
are valuable as an index of treatment In simple achlorhydric anemia 
and othei types of anemia that lespond to adequate non therapy, a 
study of the cell volume may give some interesting information con- 
cerning the action of iron in such conditions The therapeutic action 
of iron in anemia has been related laigely to the hemoglobin In table 
13 and figure 12 aie shown the successive observations on the blood m 
a patient ^^ho received adequate iron therapy There was a great 
increase in the volume of packed cells as well as m hemoglobin These 
data would indicate that non causes an increase m stroma as well as 
in hemoglobin 

SUMMARY 

1 The accurate determination of the volume, hemoglobin content 
and hemoglobin concentrations of the erythiocyte is a i datively simple 
procedure and should be earned out in every case of anemia that 
requires caieful study 

2 The results are best expiessed as indexes rather than in absolute 
figures The indexes express the absolute values relative to noimal 

3 In normal men and women the indexes aie always within the 
limits of normal (0 90 and 1 10) 

4 Every case of anemia that warrants thoiough study should be 
classified on the basis of the number, the volume and the hemoglobin 
content of the red blood cells 

5 A simple classification and terminology on the foregoing basis 
IS suggested 

6 The typical detei mmations in different clinical groups of anemia 
are reported 

7 In the case of acute mechanical blood loss there is a change in 
the number of cells only , in chionic loss the cells become progressively 
smaller, with a low hemoglobin content 

8 If the anemia is due to accelerated destiuction, the mean qell 
volume tends to increase since the leticulocytes are usually larger than 
normal 

9 With decreased blood formation the determinations are very 
variable The mean cell volume and hemoglobin content are seldom 
greater than normal except in pernicious anemia 

10 In pernicious anemia an increase in volume and hemoglobin 
content is the most characteristic observation on the blood 



HADEN— VOLUME AND CONTENT OF RED BLOOD CELL 1057 


11 The volume and hemoglobin content are impoitant aids in 
prognosis 

12 111 pernicious anemia the mean volume of the eiythioc 3 de is the 
best index in treatment If the patient is adequately tieated, the mean 
cell volume i etui ns to normal 

13 In the treatment foi other types of anemia the volume and 
hemoglobin content of the led cell aie valuable aids in tieatment 



PRIMARY CANCER OF THE LUNG 


A CLINICAL AND PATHOLOGIC SURVEY OF FIFTY CASES 

W L ROGERS, MD 

SAN FRANCISCO 

The relative frequency and increasing tendency towaid the occur- 
rence of primary cancer of the lung has prompted me to make the 
following correlation The clinical data was obtained through the 
cooperation of the various medical and i oentgenologic departments In 
reviewing the autopsy records from October, 1929, to November, 1930, 
50 cases of primary cancel of the lung were found The total number 
of autopsies made during this period was 3,064, the relative frequency 
of cancer of the lung being, therefore, 1 5 per cent Deducting the 
number of autopsies made on persons 30 years of age or under left 
2,209 The incidence of cancer of the lung in this group over 30 years 
was therefore 2 26 per cent 

I shall first consider the clinical aspect of this disease In an 
endeavor to find some of the possible etiologic factors, the following 
observations were made 

Of the group studied, 78 per cent were males and 22 per cent 
females From the autopsy records during this period the ratio was 
52 5 per cent males to 47 5 per cent females, practically an equal 
division The variation in age m the group of 50 patients was from 
37 to 77 years, the average being 50 7 Four per cent were between 
30 and 40 years of age, 14 per cent between 40 and 50, 48 per cent 
between 50 and 60, 24 per cent between 60 and 70 and 10 per cent 
between 70 and 80, 72 per cent of this group were smokers 

A study of environment or occupation proved of little significance 
The patients were all born either in Austria or m one of the adjacent 
countries, and were all from the working class The number of years 
spent m large or small communities, factory centers, farming districts, 
etc , was not obtainable from the existing records The occupations 
were varied, and were thirty m number In only one patient was a 
history of a chronic cough as a result of his occupation noted This 
patient was an upholsterer The largest number m any one occupation 
was among the women, 6 being domestic servants Of the 39 men only 
5 could be said to have been subjected to more than the average 

Submitted for publication. Sept 23, 1931 

From the Pathologico-Anatomic Institute of the University of Vienna, Prof 
R Alaresch, Director 
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amount of respiratory irritation, as far as their stated occupations weie 
concerned Irritating fumes of any soit, with the possible exception of 
tobacco, did not seem to play a role In the family history the per- 
centage of paients who died of cancer in any part of the body, or of 
diseases of the lung, was consideied In the past history previous pul- 
monary or pleural illnesses were noted In 47 cases m which a family 
and past history was obtainable, the information given in table 1 was 
derived 

Of particular interest were the 4 patients in whose histones periodic 
attacks of high fever, irritating cough, expectoration and accompany- 
ing shortness of bieath were noted The expectoration m the early 
stages was generally small in amount, and increased appreciably as the 
fever decreased The attacks usually lasted from two to six weeks, 
and the patients had been treated m many hospitals No tubeicle 
bacilli were ever found The intervals of comparatively good health 


Table 1 — Histoiy 


Vamily history 

Per Cent 

Parents who died of cancer 

15 

Parents who died of pulmonary infection 

24 

Past history 

Grip, pneumonia, upper respiratory infection 

17 

Bronchitic or asthmatic attacks 

15 

Recurrent bronchial stenosis 

8 

Pleurisy 

6 

Tuberculous infection 

2 

Total 

48 


varied from six months to two years, and sometimes even longer The 
attacks lasted over a period of several years, one case dating back as 
far as 1910 These cases were suggestive of the clinical picture of 
recurrent bronchial stenosis of an inflammatory nature At autopsy, 
in these cases, enlarged chronically inflamed hilar glands were found, 
more often left-sided, causing a compression of the bronchial wall, 
or the bronchial wall itself showed chronic inflammatory changes with 
a resulting narrowing of its lumen 

In the present illness, the range of time from the appearance of the 
first symptom to the day of death was from two years to one day, the 
average being seven months and twenty-four days A tabulation of 
initial symptoms in the present illness is given m table 2 

A grouping of certain specialized symptoms may be observed in table 
Loss of weight was one of the frequent complaints, and m many 
cases was marked In most cases the early cough was dry, irritative 
and nonproductive, often coming on in severe attacks As the illness 
progressed, the cough became productive and purulent in some cases 
The amount of sputum varied periodically, depending on the degree of 
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bionchial stenosis and on the degree of peiipheial bi onchiectasis, pneu- 
monic infiltrate or abscess formation It is mteiestmg to note the high 
peicentage of initial symptoms that weie the lesult of metastases lather 
than the result of the piimary growth This shows the impossibility 
of an early diagnosis in a laige peicentage of the cases 

In considering the ph)'^sical examination of the chest, I shall not 
attempt to tabulate the findings because of their great vaiiabihty, 
individually or collectively, from day to day or fiom week to week In 
3 cases no abnormal pulmonaiy findings were noted In 2 of these 
cases early cerebial metastases pla}-ed the predominant idle, and no 
pathologic pulmonary findings were noted on the patients’ admission to 

T \Bi E 2 — Initial Symptoms 

Per Cent 


Lung Attacks of coughing 12 

Shortness of breath 14 

Bloody sputum 4 • 44 

Bronchitis 10 

Pain in chest 4 . 

Pleurisy 12 

jServous Cerebral 14 

Peripheral 6 

Hoarseness (recurrent nerve palsj) 8 

Bone 0 I 44 

Stomach S 

Uterine bleeding 2 . 


Table 3 — Selected Symptoms 

Iso 


Per Cent 

15 

Pleurisy 

30 

11 

Bloody sputum 

22 

9 

Hoarseness (recurrent nene palsj) 

IS 

3 

Generalized pain m chest 

6 

3 

Difliculty in sv allov mg 

6 

G 

Ao symptoms in chest 

12 


the hospital Latei examinations of the chest were probably neglected 
owing to the lack of pulmonary symptoms In the third case the 
patient had no pulmonary s)miptoms, and clinical attention was centered 
chiefl) on the cervical and uppei mediastinal glandular involvement 
From this gioup of cases with negative findings one may tuin to those 
in which examination revealed the signs of a moderate to a severe 
bronchitis oi assimilated asthma, with an accompanying degree of 
emph 5 ''sema In cases with moie advanced symptoms in the lung, some 
or all of the following signs were fiequently found 

1 The presence of a venous collateral circulation across the anterior wall of 
the chest 

2 The shrinkage of one side of the thoracic cage, with a decrease in the inter- 
costal spaces and a varying degree of retraction of the supraclavicular fossa 
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3 A lesser respiratory movement on the shrunken side 

4 Tracheal deviation toward the affected side 

5 Dulness on percussion as the result of a tumor, atelectasis peripheral to a 
bronchial occlusion, an existing pneumonia or pleural exudate 

6 Paravertebral dulness as a result of mediastinal involvement or hilar 

infiltration 

7 Hyperresonance as a compensatory measure in the remaining normal or 
emphysematous lung tissue 

8 Tympanitic resonance in patients with large cavity formation 

9 A lesser degree of respiratory excursion, amounting to a paralysis and 
upw'ard retraction of the diaphragm on the affected side 

10 Every possible type of breathing or rale, depending on the existing condition 
of the underlying lung tissue and bronchial tubes 

11 Frequently a pleural rub 



Fig 1 — Infiltrating process in the right upper lobe with multiple cavities 
The trachea is tow^ard the right The esophageal obstruction is shown by barium 
sulphate filling Hilar infiltration is seen The roentgen diagnosis was The 
appearance of lung and esophagus is suggestive of bronchial neoplasm with 
involvement of the mediastinal glands Autopsv showed carcinoma of the bronchus 
of the right upper lobe, first order 

In case of maiked pleinal effusion the bulging oi fulness of the 
tvall of tlie chest and tlie deviation of the tiachea towaid the opposite 
side ovei shadowed the tumoi pictuie These signs vaiied in number 
and in intensity, depending on the stage and location of the tumor 
I think that at this tune the gieatest stiess is to be laid on the gieat 
vai lability and cliangeabihty of the signs m the chest This multiplicity 
and vaiiation is due laigel} to the alternating degiee of bionchial 
stenosis and its effect on the penpheial lung tissue Therefoie, the 
laigest amount of infoimation can be denved only by carefully record- 
ing the results of repeated examination of the chest These findings 
on physical examination may prme a great diagnostic aid 
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During hospitalization fiom a moderate to a severe degiee of 
dyspnea was observed in 66 per cent of the cases, terminal dyspnea 
being omitted Taken during the peiiod of hospitalization the respira- 
tor}’- range often showed a marked flexibility In several cases there 
was a variation of from twelve to fifteen lespirations pei minute, and 
in one case, a variation of twenty This flexibility was largely dependent 
on the existing degree of bronchial stenosis In some cases, however, 
the marked degree of cyanosis with accompanying rapid respiration was 



Fig 2 — Rather sharp-bordered, fist-sized shadow in the right lower lobe 
Medial upward fixation of the right side of the diaphragm The roentgen diagnosis 
was probable neoplasm of the right lower lobe (echinococcus cysticus?) Autopsy 
showed carcinoma of the right inferior bronchus, second order 

due to pleural exudate or pressure exerted by mediastinal glands In 
the latter group the cyanosis was more likely to be a constant factor and 
the respirator}!^ rate persistent^ high In a few cases during the course 
of the illness a marked drop in blood pressure was noted At autopsy 
these cases showed a bilateral suprarenal involvement 

The period of hospitalization leaned from one day to six months 
and twenty-one da 3 ^s, but the average was one month and fifteen days 
Among the laboratory data I shall first consider the roentgen obser- 
vations Roentgenography was found to be the most valuable laboratory 
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aid in making a correct diagnosis X-ray plates or fluoioscopic exami- 
nations were made of the chest m 40 cases Of the remaining patients 
4 were too weak, and in 6 the metastatic foci presented the dominant 
symptom, in 2 of these the changes m the lungs weie considered to be 
secondary to a primary growth elsewhei e The presence of a neoplasm 
was suspected in 72 5 pei cent of the cases, if not from the first film, 
then fiom a series of films taken at intervals In only 2 instances were 
the roentgenologists unable to rule out a tuberculous piocess In both 
of these instances, however, a malignant process was also suspected 
Both cases showed upper lobar cavitation 
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Fig 4 — In right upper lobe a shadow the size of a child’s fist, not sharply- 
bordered and with finger-hke offshoots , hilar infiltration on both sides The 
roentgen diagnosis was tumor of the bronchus (?) Autopsy showed right 
superior bronchial carcinoma, second order 



Fig 5 — In left hilar region a shadow, not sharply bordered, u ith infiltrating 
bands extending into the left lung, mediastinum displaced somewhat toward the 
left The roentgen diagnosis was probable neoplasm of the bronchus of the left 
lung Autopsy showed carcinoma of the left bronchus extending to the entrance 
of both the superior and the inferior bronchus 
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6 In from 7 5 to 10 per cent, evidence of palsy of the phrenic nerve (more 
often left-sided), with paralysis of the corresponding side, and an accompanying 
paradoxical respiration 

7 Widening of the mediastinal shadow 

Figures 1 to 5, inclusive, demonstrate a few cases suggestive of a 

primary malignant process in the lung 

In cases of suspected malignancy, the difficulty at times lies m 
making a diagnosis that differentiates between a primary tumor of the 
lung and a mediastinal tumor This difficulty is moie apt to arise when 



Fig 6 — Marked mediastinal involvement and comparatively little infiltration of 
lung tissue A barium sulphate meal demonstrates esophageal obstruction The 
roentgen diagnosis was mediastinal tumor with esophageal obstruction Autopsy 
showed carcinoma of the right mam bronchus 

the piimai) tumor is located eithei m a mam bronchus or m the first 
poition of a bronchus of an upper lobe (figs 6 and 7) It may also 
arise m cases of tumor in a bionchus of the left inferior lobe because 
of the heait shadow coveiing the primarily affected area The former 
gioiip fiequently metastasize veiy earh to the mediastinum, showing a 
little hilai infiltiation, vhich might readily be mistaken as secondaiy to 
a piimaiy mediastinal tumor Evidence of palsy of the phrenic nerve 
(m 7 5 pel cent of this gioup) is strongly indicative of a malignant 
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piocess, as this condition raiel} accompanies a tubeiculous mediastinal 
involvement (figs 3 and 7) 

In the remaining group the i oentgen diagnosis was necessaril} 
secondary, showing eithei extensive pleural exudate (15 per cent), 
atelectasis (7 5 per cent), abscess cavity foimation (5 per cent), a pneu- 
monic infiltiate (2 5 per cent) or a suggestive hi onchiectasis (2 5 per 
cent) 

Roentgenogi aphy was also of Aalue m confirming the clinical diag- 
nosis of early metastases to the bone These were more frequently 
found m the i egion of the chest although occasionally in the extremities 
Emphysema was a frequent secondai}'’ obsenation 



Fig 7 — Mediastinal tumor, more developed on the left side There is some 
bandhke infiltration toward the apex of the left lung The left side of the 
diaphragm is very high The roentgen diagnosis was (1) mediastinal tumor uith 
phrenic palsy (?) and (2) bronchial carcinoma (?) Autopsy showed carcinoma 
of the beginning of the bronchus of the left superior lobe 

The bronchoscope tvas employed in only 3 cases In 2 the diagnosis 
of bronchial caicmoma tvas made, and m 1 of these cases was verified 
by biopsy The thud case W'^as diagnosed as one of mediastinal tumor 
because, on examination, the bionchial mucosa appeared normal and the 
existing stenosis of the left mam bronchus seemed the lesult of pres- 
suie from the outside The piimaiy giotvth in this case tvas situated 
in the second order bronchus of the left stipenoi lobe 

Iodized oil was not injected in any of the 50 cases The Wassei- 
mann reaction was positive m 2 These patients gave a long-standing 
histoiy of syphilis The sputum ivas examined in 70 per cent of the 
patients In a few the twent\-four hour specimen was observed and 
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measuied The quantity vaned fiom a veiy small amount to 300 cc , 
tlie latter amount belonging to the gioup with laige cavity oi bronchi- 
ectatic foimation The amount vaned according to the degree ot 
bronchial stenosis piesent In the stages of complete oi almost complete 
bionchial occlusion theie was little oi no sputum Inci easing toxicity 
and a rise in tempeiatuie were accompanying factois No mention was 
made of the sputum having a disagieeable odoi It vaned fiom muco- 
purulent to purulent Blood was noted in 16 pei cent, tumor cells m 
2 pel cent and elastic fibeis m 2 pei cent, tubeicle bacilli weie absent 

in all cases 



Fig 8 — Tumor infiltration at the beginning of the bronchus of the middle 
lobe and extending throughout the middle lobe Several metastatic nodules are 
seen appearing on the surface of the right lower lobe The lumen of the bronchus 
of the middle lobe is completely occluded 


A pleiual punctuie was pet formed in 18 per cent of the cases with 
the 1 esults shon n m table 4 In 2 of the 4 cases reported as showing a 
hemoiihagic exudate, the hist aspiiation levealed a clear straw-colored 
fluid nhich latei became hemoiihagic The degiee of anemia was 
slight dm mg the eaily stages of the disease As the metastatic involve- 
ment piogiessed, the anemia became more maiked A model ate leuko- 
citosis with a coiiespondmg mciease m polynioi phonucleai leukocytes 

nas generally piesent The piincipal clinical diagnoses are given in 
table 5 
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The clinical course may be summaiized as follows Almost 80 per 
cent of the cases occurred m men, 50 pei cent being between the ages of 
50 and 60, 39 per cent of the parents died either from a cancer oi of 
infection of the lung Appi oximately 50 pei cent of the patients gave 
a previous history of disease of the chest, a few histones being sugges- 
tive of recurrent attacks of bronchial stenosis A study of occupation 
yielded little information Perhaps 20 per cent of the patients could be 
said to have been subjected to more than the ordinary respiratory 
irritation aside from that caused by tobacco Of interest is the fact 
that 44 per cent gave as their first symptom one that was not connected 
with the chest 12 per cent went through the entire course of the illness 


Table 4 — Clinical Obseivafions on Pleiual Punctiiie 




Number of Cases 

Hemorrhagic 


^ 1 

Purulent 


3 \ 9 

Clear straw colored 


2 j 

Tumor cells 


1 (1 case ’) 

Negative (tuberculin reaction)* 

Specific gravity 1 018 1 022 


All 

Culture Hemolytic streptococcus 


1 

Pneumococci 


1 

* Negatiie for tubercle bacilli 



T ^BLE S — Chmcol Diagnosis 

111 Fifty Cases 


No 


Per Cent 

33 Primary pulmonarj tumor (bronchnl carcinoma m 

most cases) 

66 

7 Primary mediastinal tumor 


14 

3 Cerebral tumor (terminal pneumonia, 2) 

2 Cardiac msufliciencj , bronchitis, emphysema 


6 


4 

1 Empyema 


2 

1 Sarcoma of uterus (metastasis to lung) 



1 Carcinoma of ovary (metastasis to lung) 


2 

1 Chronic gangrenous pneumonia, cavitation 



1 Exudative pleurisj emphjsema, bronchial pneumonia 

2 


without a pulmonaiy symptom Blood-tinged sputum was observed in 
only 22 per cent, a fact that should wain one against a dismissal of 
the possibiht}'^ of a malignant process m the absence of this finding 
Hoarseness as a result of a recurient nerve palsy was a rather common 
symptom and at times occuried earl}'^ in the couise of the illness The 
left recurient neive is moie apt to be involved than the right Marked 
esophageal disturbance did not play a prominent idle in this group, 
being noted m only 6 pei cent 

Physical examination may leveal one oi more of a large group of 
pathologic signs, and the best mtei pretation of these findings may be 
obtained by carefully lepeated examinations The gradual loss of 
weight, beginning cachexia and progiessive anemia help one m diag- 
nosing a malignant process A marked degree of cachexia was more 
apt to be found m cases of advanced metastatic involvement In those 
cases the supraienals were frequentl}’^ involved Often, however, the 






Fig 9 Whitish cancerous tissue at the entrance to the left mam bronchus, 

extending along the left main bronchus and also infiltrating the surrounding lung 
tissue More peripherally some of the lumina of dilated bronchi can be seen 



Fig 10 — Following along the left mam bronchus one observes the grayish- 
white tumor tissue at the entrance of the bronchus of the left superior lobe Its 
lumen is almost entirely occluded, and the sectioned superior lobe, appearing very 
dark IS entirely atelectatic On both sides at the beginning of the sectioned 
superior lobe bronclnis, one sees a markedly enlarged, anthracotic lymph gland 







Fig 11 — Tumor infiltration of the bronchial wall with polypoid growth into the 
lumen A portion of bronchial cartilage is showm The lower portion shows the 
chronically infiltrated lung tissue and a dilated bronchus with peribronchial 
leukocjtic infiltration 
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Fig 12 — Normal appearing bronchi The cut sections of the middle and low'er 
lobes are entirely filled by diffuse gravish-wdute cancerous tissue 
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natrcnt d.d not show maiked signs ot inanition at autopsy, the slon, 
suhcutaiicotis, and muscular tissues being well pieseived 

The laboratory obseivations, singly oi collectively, may piove o 
gieat value if examinations aie caiefiilly and thoioughly earned out 
In a goodly peicentage of cases one can diagnose a piobable pi unary 
mediastinal oi pulmonaiy tumor by means of roentgenograms The 
diffeientiation between these two conditions as to which is primal y is 
sometimes impossible to make In othei cases, because of a pleural 
exudate, atelectasis, laige abscess foiination. bionchiectasis, etc, the 



Fig 13 — Small cell type of carcinoma showing the small cell proliferation 
almost solid in this view 

diagnosis may be secondary A senes of roentgenograms taken over 
a pel lod of time may disclose the condition, whereas one plate may not 
Roentgenogi apliy also piovides a possibility of diagnosing early 
metastases to the bone 

Although not used in this senes, iodized oil may be of consideiable 
aid in the diagnosis, particularly in differentiating between a congenital 
and an acquned type of bionchiectasis with an existing bronchial 
stenosis One can readily see the gieat value of bronchoscopy as a 
diagnostic aid, especially in the early course of the disease In cases in 
nhich an opeiation is questionable, one can, with bi onchoscopy, deter- 
mine the extent of the tumoi infiltiation tonard the mam bronchi 
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The sputum ma}'^ be of great diagnostic value when carefully col- 
lected as a twenty-four hour specimen and not as an occasional one to 
be sent to the laboratory to be examined for tubercle bacilli So also 
would be repeated aspirations in the event of pleural exudate, whereas 
an isolated aspiration might provide little mfoimation 

A marked drop m blood pressuie, together with gastric symptoms 
and increasing cachexia, is suggestive of suprarenal involvement This 
condition is not infrequently seen m the later stages of the disease 
I shall now consider the pathologic observations The location of 
the primary growdh is shown m table 6 A bronchial stenosis w^as 
present at the site of the pi imar}'^ gi owth in all of the cases of bronchial 
carcinoma In most cases the entiie wall of the bronchus was infiltrated 
with tumor tissue, and the mucosa w^as ulceiated m part or entirely 

Table 6 — Stic of Pitmaiy Tuvioi in Fifty Cases 



Right 

Left 

Total 

Mam bronchus 

7 

4 

11 

Bronchus of superior lobe 

9 

14 

23 

1st order 

7 

9 


2d order 

2 

3 


Sd order 


2 


Bronchus of middle lobe, 1 st order 

5 


5 

Bronchus of inferior lobe 

3 

6 

9 

1st order 

2 

4 


2d order 

1 



3d order 


2 


Alieolar cancer 



2 

Middle, inferior 

1 



Superior 


1 



at this point In a few cases the tumoi showed a marked tendency to 
spiead along the bronchial w^all for a considerable distance In one case, 
for example, the primal y growth started at the beginning of the bron- 
chus of the middle lobe, and the tumor infiltiation extended in the mam 
bronchus and above the bifurcation as far as the upper border of the 
low^er third of the tracheal w^all In a case of cancer of the right mam 
hi onchus the tumor was polypoid in appearance with a broad infiltrating 
base This w^as the only case m which the infiltration was entirely 
confined to the w^all of the bronchus wnth no pulmonary infiltration, 
and in w'hich no metastases were found In 52 per cent there was 
widening of the bronchial lumen peripheral to the stenosis The 
pictuie piesented by these dilated bronchi varied from a purulent 
bronchitis to a severe bronchiectasis In the remaining cases the 
existing stenosis w^as not sufficient to cause more than a mild bronchitis 
m a feAV, w'hile m others the bionchi w^ere entiiely destroyed by a 
tumor or abscess formation In anothei small gioup the peiipheral 
bronchi remained unchanged because of collapse of the lobe due to the 
presence of a pleuial exudate In 1 case, twm primary growths were 
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found, one m the bionchus of the left supenoi lobe, second oidei and 
tlie other in the bionchus of the right inferior lobe, hist oidei 

The changes in the lung aie shown in table 7 and in figuies 8 9, 
10 and 11 Figuie 11 shows typical changes in the lung in the piesence 
of a malignant process The small cell tumor invasion wuth infilti ation 
of the bionchial w^all and lumen the existing bionchiectasis with pen- 
bionchial leukocytic infilti ation and the chionic fibiotic infiltration of 
the lemaining puhnonaiy tissue aie all cleaily bi ought out by this slide 



Fig 14 — Squamous cell type of carcinoma showing numerous horn pearls 

In the 2 cases of alveolai caicinoma both lungs were infiltrated by 
tuinoi tissue the pi unary side being almost entirely invohed (fig 12) 
The pleuial obseivations aie given in table 8 and the metastatic 
obseivations in table 9 Table 9 show^s the high percentage of 
mediastinal invohement by the l}mphatic route Of special inteiest also 
IS the high peicentage of metastases to the bone and biain, mainly by 
the blood loute In 9 cases there was bilateial involvement of the 
su])iaienal glands, and m 8 cases unilateial intolvement These con- 
ditions togethei repiesented 34 pei cent The unilateral cases w^ere 
equalK duided Piactically the same division held true m the case of 
the kidne}s 6 cases showing bilateral imolvement and 5 cases uni- 
lateial Of the unilateial cases 3 weie left-sided 
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The pathologic diagnosis sho^^ed 48 cases of primary bronchial 
caicinoma, 1 of which revealed two primaiy tumors, and 2 cases, 
alveolar carcinoma The types of carcinoma found were (1) small 
cell, 68 pel cent (fig 13), (2) squamous cell (with or without horn 

Table 7 — Observations on the Lung m Foity-Eight Cases of Bionchial Caicmoma 


Tumor infiltrate 
Metastases 

Bronchial 

Pneumonia Indurative 
Gangrenous 

Atelectases Pleural exudate 

No pleural exudate 

Large abscess 
Emphysema 




Ai 

A: 

Bi 

B= 

Bs 


Cancer of the stem bronchus (affected lung), 11 cases 
Opposite lung 

Cancer of bronchi ivithm a lobe (affected lobe), 37 cases 
Adjacent lobe 
Opposite lung 


Bi B= B3 

37 7 

6 8 3 

1 1 3 1 

8]ll 2 

4 ) 6 

11 j 15 

3 

5 10 


Tabie 8 — Pleiaal Obseivatwns at Autopsy 



Affected Side, 

Free Side, 


per Cent 

per Cent 

Adhesions 

78 

36 

Tumor infiltration 

16 


Metastases 

20 

8 

Exudate 

52 

12 

Clear strau colored 

24 

10 

Hemorrhagic 

10 


Purulent 

18 

2 

Fibrinous pleurisy 

6 

2 


Table 9 — Mctastascs in Fifty Cases 


■Mediastinum 

Bone 

Li\er, suprarcnals 

Lung 

Kidneys 

Cervical glands 

Brain, pleura 

Pericardium 

Mj ocardium 

Peritoneum 

Retroperitoneal glands 

Pancreas 


Per Cent 

78 

Thyroid 

38 

Skin spleen 

34 

Stomach, bladder 

28 

Omentum muscle 

22 

Bronchi, intestines 

} 20 

Seminal vesicles 

) 

12 

] 

Ureter, uterus 
Peritoneal glands 

10 

Superior vena cava 
Submaxillary glands 

1 

1 

Spinal cord 


Per Gent 
8 

1 

I ‘ 


2 


pearls), 20 per cent (figs 14 and 15) , (3) adenocarcinoma, 8 per 
cent (fig 16), and (4) ah^eolar carcinoma, 4 per cent (fig 17) 

A summary of the pathologic observations is as follows There 
is an equal tendency to tumor formation in either lung, 46 per cent 
occurred m the upper lobes as compared with 28 per cent m the middle 
and lower lobes, 76 per cent were found m the right or left main 
bronchi or m the first portion of the bronchi of the mam lobe The 
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primary giowths situated in the main hronchi metastasize to the 
mediastinal lymph nodes m a \eiy early stage and are a little slo^^er 
to metastasize by the blood stream A vaiymg degiee of bronchial 
stenosis is always piesent in cases of bronchial carcinoma, and is often 
accompanied by a peiiplieral bronchiectasis or, m a few cases, peiipheral 
abscess formation Atelectasis as a result of bronchial stenosis, tumor 
infiltration or pleural exudate of the involved oi adjacent lung is a 
fiequent finding Various pneumonic changes are often present, 
chronic induiation being the more frequent type in the affected lobe 
Emphysema may be found in the adjacent lobe or m the opposite lung 



Fig IS —Squamous cell tvpe of carcinoma without horn pearl formation The 
bronchial lumen is almost closed A portion of bronchial cartilage is seen m the 
lower border 


In a few cases enlaiged, chiomcally inflamed lymph glands were 
found around the hilai region as evidence of a long-standing or previous 
mflammatoiy condition Pleuial adhesions w^ere commonly present, 
and almost 80 pei cent of the patients had adhesions on the primary 
side, these being the result of an old inflammatory pleurisy, inflam- 
matoix changes during the present illness or tumor infiltration or 
metastasis A pleuial exudate was present in 52 per cent, while a 
hemorrhagic exudate was present m only 10 per cent Tumor infiltra- 
tion and metastasis to the pleuia occurred in 36 per cent on the primary 
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side Tills shows the lelative infrequency of a henioirhagic exudate 
even m the piesence of invasion b}’’ a tumor 

Pulmonary carcinomas are m most cases lather rapidly infiltiatmg 
tumors, tending to metastasize eaily by both the lymphatic and blood 
routes iS’Iediastmal nodes were involved m almost 80 per cent of the 
cases These tumors show a marked tendency toward metastases to 
the bone, cerebrum, hvei and suprarenals In 3 cases the ceiebral 
metastases weie the only ones found In 1 case the tumor was con- 
fined to the bionchus with no pulmonary or mediastinal involvement 
In 3 cases the tunioi was confined to the bronchus and lungs, and in 1 
case t!ie involvement was entiiely confined to the bronchus and its 
coriesponding lobe* 

In the present senes of cases, caicmoma was the only type of 
malignant giowth found Bronchial carcinoma was found in 96 per 
cent and alveolar caicmoma m 4 pei cent Of the bronchial caicmonias 
the small cell type predominated, occurring m 68 per cent 

CONCLUSIONS 

Piimaiy caicmoma of the lung is a comparative!}'’ frequent finding 
in the largei pathologic institutes These tumors, in consideration of 
the time element fiom the first symptom to death, lun a rapidly fatal 
couise The few patients with early suggestive pulmonary symptoms 
should be examined with great thoroughness, using all the available 
measures at one’s disposal, to help in establishing an early diagnosis 
By so doing, one may mciease the percentage of diagnoses made while 
the tumor is confined to one lobe In such a group lobectomy is 
indicated as a possible measure 

Foi the laige peicentage of cases m which operative intervention 
IS not indicated, loentgen or ladium therapy may considerably retard 
the growth and spread of the cancer and also help to alleviate disturbing 
symptoms caused by metastases 

Carcinoma of the lung should be classified with that of the mamma, 
tlnroid, prostate and suprarenals as shoving a very early tendency 
toward metastasis to bone 
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A review of the literature dealing with the etiology of rheumatic 
fever shows clearly that much of the controversy m this important field 
IS due to the paucity of adequate controls It is a cuiious but undeniable 
fact that though bactenologic investigations on this disease date back 
more than forty-five years, few of the numerous reports published are 
critical or well controlled In order to establish a suitable background 
for the work to be reported in this paper, it may be well to mention 
briefly a number of the methods by which this problem has been attacked 
and to point out the doubtful justification in many instances for the 
conclusions drawn from the data obtained 

1 The description of organisms found post mortem and their acceptance as the 
etiologic agent of rheumatic fever This error dates back to the work of Birch- 
Hirschfeld,’- and was repeated by numerous investigators In a study of the post- 
mortem bactenologic changes m patients djing from diseases other than rheumatic 
fever, Epstein and Kugel 2 showed that streptococci can be recovered at autopsy 
in 40 per cent of cases from normal heart valves, in 47 per cent from the myo- 
cardium and in 79 per cent from the blood stream 

2 The alleged finding of specific streptococci in the throats of patients with 
rheumatic fever Irvine- Jones ^ showed that these organisms could not be dis- 
tinguished culturally or immunologically from those found in normal throats 
Hitchcock ^ found streptococci almost as frequently in the throats of nonrheumatic 
as in those of rheumatic patients 

3 The significance given to the finding of minimal numbers of streptococci in 
the joints or subcutaneous nodules in cases of rheumatic fever Shands ® has 
recently reported the finding of streptococci in 2 of 10 Charcot joints and in 1 
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1 Birch-Hirschfeld Wiesbaden Medical Congress, 1888 , quoted by Thom- 
son, D , and Thomson, R Annals of the Pickett-Thomson Research Laboratory 
4 1 (Nov, pt 1) 1928 

2 Epstein, E Z , and Kugel, M A J Infect Dis 44 327, 1929 

3 Irvine- Jones, E I M Skin Sensitivity of Rheumatic Subjects to Strep- 
tococcus Filtrates, Arch Int Med 42 784 (Nov ) 1928 

4 Hitchcock, C H J Exper Med 42 377, 1925 

5 Shands, A R South M J 23 818, 1930 
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Ronorrhcal arthritic joint (with gonococci) Wc have had similar experience with 
the latter condition Menkino has given experimental proof of the secondary 

localization of organisms in an inflamed site 

4, The serologic behavior of streptococci Few efforts have been made to 
classify serologically the streptococci obtained in cases of rheumatic fever and 
rheumatoid arthritis In most instances agglutinin absorption was not attempted 
Recently, however, by the use of agglutination as well as agglutinin absorption 
methods, Cecil, Nicholls and Stainsby ^ were able to group the Streptococcus alpha 
organisms obtained from the blood and joints of patients with rheumatic fever 
into 3 types and a fourth heterogeneous group It remains to be determined 
whether secondary invaders cannot be similarly grouped 

5 The results obtained from the injection of vaccines and serum These results 
are still used as arguments to support the contention that a given organism is 
the etiologic agent of rheumatic fever The difficulty of differentiating specific 
from nonspecific effects, together with other obvious objections to the acceptance 
of this form of evidence, is too well known to require discussion 

6 The results of skin tests Following Birkhaug’s ^ demonstration that per- 
sons who have suffered from rheumatic fever are more susceptible to intracuta- 
neous injections of toxic filtrates from Streptococcus gamma than are other groups 
of persons. Swift, Derick and Hitchcock ® showed the same to be true for Strepto- 
coccus alpiia, as well as nuclcoproteins from various types of streptococci These 
authors also showed that patients suffering from other diseases displayed a similar 
skin sensitivity to these products 

7 The confusion of bacterial endocarditis with verrucous endocarditis of the 
rheumatic type, or the tacit acceptance that one is a modification of the other 
Hus confusion has led to unjustified conclusions of experimental results 

8 The experimental production of pathologic lesions (endocarditis, pericarditis, 
arthritis and myocarditis) m animals, with the assumption that this is evidence 
of the specificity of an organism with relation to the etiology of rheumatic fever 
Colc,io Harris and Horderi 2 -^yere the first to correct this error by showing 
that a variety of streptococci may produce these lesions when injected into animals 
Recently, similar efforts have been made with regard to subcutaneous nodules 

9 The acceptance of certain forms of endocarditis and myocarditis produced in 
animals (particularly m rabbits) as the equivalent of rheumatic lesions m the 
liuman being This point has been critically examined and discussed by Thalhimer 
and Rothschild,^* Cecil, Swift and Gross, Loewc and Eliasoph,^® who showed 
that the lesions thus far produced experimentally cannot be so considered 


6 Menkin, V J Exper Med 53 647, 1931 

7 Cecil, R L , Nicholls, E E, and Stainsby, W J J Exper Med 50- 

617, 1929, Bacteriology of the Blood and Joints in Chronic Infectious Arthritis 
Arch Int Med 43 571 (May) 1929, Am J M Sc 181 12, 1931 

8 Birkhaug, K E Proc Soc Exper Biol & Med 24 541 1927 

43.!92,®1928 “ ^ C H . Tr a’ Am Physicians 

10 Cole, R I J Infect Dis 1 714, 1904 

11 Hams, N Tr Chicago Path Soc 6 303, 1905 

12 Horder, T J Thirti -Sixth Annual Report of the Local Government 

Board, Keport of the Medical Officer, 1906, p 279, Quart J Med 2 289, 1908 

14 r Rothschild, M A J Exper Med 19 429 1914 

14 Cecil, R L J Exper lifcd 24 739 1916 

15 Swift, H F Am T M Sc 170 631, 19^5 

L™, and Eliasoph, B J J E.pcr Med 50 41, 



1080 


ARCHIVES OF INTERNAL MEDICINE 


10 Failure to recognize spontaneously occurring lesions in laboratory animals 
Miller was able to show that his control rabbits and guinea-pigs possessed 
myocardial lesions that he could not differentiate from those that he had attempted 
to reproduce experimentally 

11 The significance attached to the finding during life of positive blood cul- 
tures, particularly of streptococci It is with this last point that this article is 
concerned Several excellent critical reports have been published on this aspect of 
the problem of rheumatic fever, among which may be mentioned those by Cole,^° 
Libman,i8 Swift and Kinsella and Jordan 2 ® Many discrepancies exist as to the 
frequency with which various authors obtained positive blood cultures (strepto- 
cocci) from cases of rheumatic fever, the optimum method to be used for this 
purpose and the type of streptococci recovered On the latter point, it may be 
mentioned that Streptococcus alpha, beta and gamma have been found 

On the question of the percentage of positive blood cultures, figures vary from 
completely negative findings to such successful reports as those of Clawson,-^ who 
isolated streptococci “m a relatively high percentage of cases,” and those of Cecil, 
Nicholls and Stamsby,'^ who obtained positive blood cultures in 26 of 31 cases 
(83 9 per cent) in their series of 1929 The latter investigators attributed their 
successes to the special technic used The value of the special technic has been 
questioned by Nye and Waxelbaum 22 and by Dawson, Olmstead and Boots,®® 
who were unable to confirm the results obtained in cases of rheumatoid arthritis 
Incidentally, the criticisms that have thus far been made generally apply equally 
well to the reports on the bacterial etiology of rheumatoid arthritis 

In examining the leports of those who obtained a relatively high 
incidence of streptococcemia in rheumatic fever and because of this are 
inclined to accept these organisms as the causative agent of the disease, 
It becomes apparent that in none of these studies were there employed 
as controls groups of diseases selected from as large a material as that 
from which the cases of rheumatic fever were drawn 

The records in the Mount Sinai Hospital for the last four and a 
half years (ending Dec 30, 1930) show that blood cultures were taken 
in 188 cases of acute rheumatic fever with polyarthritis, in 126 cases 
of chronic rheumatic cardiovalvular disease with recurrences and in 
49 cases of rheumatoid arthritis (for an explanation of the terms, see 
section on “Definitions,” p 1082) A study of the incidence of strepto- 

17 Miller, CP J Exper Med 40 525 and 543, 1924 

18 Libman, E Bull Johns Hopkins Hosp 17 215, 1906, Characterization of 
Various Forms of Endocarditis, J A M A 80 813 (March 24) 1923, New York 
Academy of Medicine Lectures on Medicine and Surgery, New York, Paul B 
Hoeber, Inc , 1927, vol 69 

19 Swift, H F, and Kinsella, R A Bactenologic Studies in Acute Rheu- 
matic Fever, Arch Int Med 19 381 (March) 1917 

20 Jordan, E P The Microbic Etiology of Rheumatic Fever and Arthritis, 
Arch Path 10 79 (July) 1930 

21 Clawson, B J J Infect Dis 36 444, 1925 

22 Nye, R N , and Waxelbaum, E A J Exper Med 52 885, 1930 

23 Dawson, M H , Olmstead, M, and Boots, R H Proc Soc Exper Biol 
& Med 28 419, 1931 
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coccemia m these diseases can be of significance onl}' if compared with 
other selected diseases oi disease groups diawn from the total blood cul- 
ture mateiial fiom i\hich the aforementioned gioups were taken— in 
effect, fiom 5,233 cases An investigation of this point was undei taken 
and foims the basis of this lepoit l^uitheimore, since it is the mam 
pm pose of this uoik to sene as an adequate contiol of the bacteriologic 
findings 111 the blood of patients suffering fiom rheumatic fever and 
rheumatoid aithiitis and since alpha and gamma streptococci are the 
oiganisms most fiequeiitly found in these diseases, we chose our control 
gioups with the following ciitena m mind 

1 The diseases should not be obviously caused by a nonhemolytic 
stieplococcus 

2 They should not be obviously associated wuth a massive blood 
invasion woth nonliemolytic streptococci, such as occurs in subacute 
bacteiial endocarditis 

3 The peicentage incidence of the nonhemolytic streptococcemia 
should be wothin the same range as that found m iheumatic fever and 
rheumatoid aithritis 

MATERIAL 

Our material consists of 5,233 consecutive blood cultures taken, 
dining the latter half of 1926 and during the years 1927, 1928, 1929 
and 1930, from 3,869 patients in whom the possibility of a blood 
invasion w^as considered Positive bacteriologic findings were obtained 
in 762 subjects During this entire period there was little change in 
the full time bacteriologic staff, the entire wmrk having been carried 
on under the supervision of Dr Gregory Shwartzman After the 
elimination from the contiol groups of the diseases that did not fulfil 
the lequirements mentioned, the disease groups on wdneh special 
emphasis wull be laid may be tabulated as follow's 


Rheumatic and Rheumatoid Gioup Cases 

I Acute rheumatic fever ^vlth polyarthritis* 188 

II Chronic rheumatic cardiovascular disease-^ 126 

III Rheumatoid arthritis* 40 


Contiol Gioup 

IV Aplastic anemia 
V Pernicious anemia 
VT Leukemia 
VII Colitis* 

VIII kleningococcus meningitis 
IX Pjchtis and pyelonephritis 

* Tor an explanation of the terms, see “Definitions,” p 1082 


13 

11 

29 

41 

54 

72 
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DEFINITIONS 

The accepted diagnostic criteria of active rheumatic infection, includ- 
ing tach)^cai dia, fever, sedimentation time, leukocytosis, electrocardio- 
graphic changes, etc , were used in selection of the rheumatic cases In 
order to determine whether there was any difference, so far as the 
incidence of streptococcemia was concerned, between the very active, 
acute form with polyarthritis and the milder form with recurrent attacks 
in which the mechanical symptoms predominate (i e , due to the 
valvular defects), the cases were divided into two groups acute 
rheumatic fever with polyarthritis and chronic rheumatic cardiovalvulai 
disease 

Acute Rheumatic Fever with Polyaifhiitis — This group comprises 
tj'^pical cases in which polyarthritis is the predominant symptom Only 
cases in which there was fever, leukocytosis or both are included One 
case of chorea is also included 

Chi omc Rheumatic Cai diovalvulai Disease — As stated, this group 
includes cases m which the valvular defects on a rheumatic basis pre- 
dominate, with recent reinfection, but without polyarthritis Cases of 
atherosclerotic heart disease complicated by febrile conditions were 
obviousl}^ excluded from this group 

Rheumatoid Aithutis — This comprises a group of patients suffer- 
ing from acute, subacute or chronic so-called infectious monarticulai or 
polyarticular arthritis of nonrheumatic origin, and corresponds to the 
“rheumatoid arthritis” group under the classification of the British 
Ministry of Health and adopted by the International League for the 
Control of Rheumatism Cases of gonoriheal origin were excluded 
All of the patients with rare exceptions, had fever, leukocjdosis or 
both Some had involvement of single joints, others, of multiple joints 

Colitis- — Under thislterm are included cases of acute and chronic 
ulcerative colitis Cases of amebic and tuberculous colitis are excluded 

Sti eptococcemia — We use this term to denote the presence of 
streptococci m the blood during life, giving it the same generic meaning 
as “bacteremia” as defined by Libman The term m no way indicates 
whether the invasion is transient oi an essential part of the disease 
process 

Nonhemolytic Sti eptococci — The Brown classification of strepto- 
cocci IS used in this report In the oldei literature no sharp differentia- 
tion was made between Streptococcus alpha and gamma Furthermore, 
It IS particularly these two types that occur most frequently in cases of 
rheumatic fever and rheumatoid arthritis, and they are the basis of 

24 Brown, J H Monogr Rockefeller Inst M Research, 1919, no 9 
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most of the comment For these reasons we shall refer to the orgamsiiis 
collectively as “nonhemol>M;ic streptococci” in the sense used by Libman 
U Coca —In a number of cases a gram-positive coccus was obtained 
on blood culture, which, however, failed to grow on aerobic subcultuies, 
so that It could not be identified The failure to grow may have been 
due to two reasons prompt autoljsis m the medium or unsuitable aerobic 
conditions (if they were anaerobes) In some instances, however, 
growth did not take place even under strict anaerobiosis These 
unidentified organisms will be referred to as U cocci, and will be given 
consideration so as to present an unbiased statistical picture 

TECHNIC OF THE BLOOD CULTURE 

The antecubital area is sterilized by tincture of iodine, which is removed with 
alcohol in from three to five minutes At least 23 cc of blood is withdrawn from 
the median basilic vein, when special cultural methods are employed, 40 cc is 
withdrawn The various mediums are inoculated immediately at the bedside, and 
plates are poured 

In taking routine blood cultures, the following equipment is used glass Luer 
sjringes, of 20 cc capacity, needles, sterilized by means of dry heat in a special 
copper container at 185 C for an hour and a half , 4 sterile petn dishes , 2 test 
lubes, each containing 1 cc of sterile ascitic fluid , 2 sterile, empty test tubes , 1 
tube of plain agar, 1 flask of plain broth, 1 flask of 2 per cent dextrose broth, 
and 1 flask of tomato dextrose peptone broth The preparation of the special 
mediums will be described in the next section The last 6 mediums mentioned 
constitute our “Routine” mediums 

The agar tubes are previously melted and kept at 50 C The patient’s blood 
IS then diawn and distributed as follows 5 cc to each flask, 2 cc each to the 
plain agar, dextrose agar and liver hormone agar tubes Before pouring the 
plates, the agar and blood are mixed by pouring back and forth into sterile tubes 
under strict sterile precautions One tube of dextrose agar and another of liver 
hormone agar are enriched with ascitic fluid before the plates are poured One 
tube of ascitic fluid mixed with 5 cc of dextrose broth serves as a control for 
the stenlitv of the ascitic fluid Likewise, the individual mediums are controlled 
for absolute sterility Within half an hour, all the mediums are incubated at 
37 5 C The plates are examined daily, and bj’- means of a capillary pipet subcul- 
tures are made daily from the o flasks on dextrose broth and dextrose ascitic agar 
Ibis piocedure is repeated for four days if the cultures are negative All gram- 
positnc, chain-forming diplococci that do not show definite zones of complete 
hemolysis around the colonies on the blood plates are t^ped for pneumococcus and 
tested for bile solubilitj' 

CULTURE METHODS 

The special cultuial methods emploted are the anaerobic, the special 
aeiobic and the method of Cecil, Nicholls and Stamsby The following 
anaerobic cultuie mediums were used the Smith-Noguchi rabbit kidney 
ascitic fluid, the Rosenow calf brain and cooked liver The formulas 
for these mediums will be gnen Two cubic centimeters of the patient’s 
blood IS added to each of the mediums m tubes, which are sealed with 
melted petrolatum After incubation at 37 5 C for three days, the 
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tubes are opened, the films are stained, and the inoculum is trans- 
feired from each tube to cooked liver All the tubes are then sealed 
and incubated for three days more They are then opened and examined 
for growth If negative, they are sealed and incubated for two weeks 
more, when a final examination and report are made 

Special Aci obic Method — This method was earned out as follows 
fiom 10 to 12 cc of the patient’s whole blood was inoculated into a 
500 cc Erlenmeyer flask containing 100 cc of 0 4 pei cent dextrose 
broth (/’h 7 4) Daily subcultures were made for a week The features 
of the method are the large amount of blood used and the large surface 
of medium exposed to air 

Cecil Piocedwe — This procedure was carried out in detail as 
originally described Twenty cubic centimeters or more of blood is 
taken from a vein of the arm The blood is divided between two cen- 
tiifuge tubes, allowed to clot and stored in the ice chest ovei night 
The following morning the clots are loosened with a glass rod, and the 
tubes are placed in the centrifuge After centrifugation, the serum is 
carefully removed with a pipet, and the clots aie broken up with glass 
tubes one-fourth of an inch (0 64 cm ) in diameter, drawn up m the 
tubes and transferred to two 3 ounce (11 25 cc ) bottles, each containing 
50 cc of beef heart infusion broth The bottles are covered with paper 
caps and incubated at 37 C for one month During this period the 
bottles are opened at five day intervals and subcultures are made on both 
blood agai -poured plates and blood broth tubes, 0 1 cc of the original 
bioth culture being used in each case If no growth is found at the 
end of a month, the original contents of the broth bottles are centrifu- 
gated and the sediment is cultuied in fresh blood broth Subcultures are 
made from the sediment on blood agar plates several days later, and 
if no organisms are found, the cultures are considered negative Parallel 
control cultures are made of the rabbit’s blood for a period coi respond- 
ing to that during which the patient’s blood is studied The rabbit’s 
blood IS transferred to dextrose broth eveiy five days, and films of the 
sediment are stained 

PREPARATION OF MEDIUMS 

Plain Bioth — To 500 Gm of chopped meat (beef or veal) is added 
1 000 cc of tap water The mixture is brought to the boiling point 
ovei an open flame and cooked slowly for fifteen minutes, it is then 
filtered through absorbent cotton and readjusted to the amount of 
1,000 cc To this infusion is added 10 Gm of Witte’s peptone and 
4 Gm of sodium phosphate The pn is adjusted to 7 8 The mixture 
IS autoclaved for twenty minutes at 15 pounds of pressure, and the 
reaction is readjusted to a final of 7 4 or 7 6 



IJCiri MA\-GRO^'^— ‘STREPTOCOCCI LV THE BLOOD 103:; 

Livei Hoi mono Bioth and Agai — To 500 Gm of chopped ^eal 
01 beef In Cl freed from fat are added 1,000 cc of \\atei, 10 Gm of 
peptone, 4 Gm of anhydrous sodium phosphate, 10 Gm of dextiose 
the beaten a\ bites of 2 eggs and 20 Gm of agai (if used for agar) 
All the ingiedients arc placed m the same receptacle and heated o\ei a 
free flame up to 70 C , when the meat turns biowm Twenty-^i^e cubic 
centimeteis of sodium hydroxide is then added Stei ilization is cairied 
out m the Arnold stenlizei for two hours At the end of this time a firm 
clot is foimed and the bioth oi agar can be decanted oi siphoned off 
The piepaiation is not filtered at any stage The reaction is adjusted 
to pn 76 The medium is autoclaved in flasks for twenty minutes at 
15 pounds of pressure Aftei transfer to tubes it is again autoclaved 
foi fifteen minutes and 15 pounds of pressure 

Toniato-Dextiose-Peptone Bioth (Shwai taman ) — Tomatoes aie 
washed m w'arm water and gently dried with a tow^el Small pieces aie 
cut and boiled for fifteen minutes over an open flame The preparation 
IS filtered first through gauze and then through absoibent cotton The 
extiact is stored in the ice chest over night The next day it is filtered 
by means of suction through seveial la 3 ^ers of paper in a Buchner funnel 
After this the fluid is cleai enough to be filtered thiough Beikefeld fil- 
ters, candle V being used fiist and then candle N No further steriliza- 
tion IS necessary The fluid is stored in the ice chest until needed Before 
use the leaction is adjusted by means of sterile sodium hydroxide, which 
IS added to the extract until the coloi changes to a light brown This 
indicates a pn of about 7 6 To 90 cc of 2 per cent peptone and 1 per 
cent dextrose broth is added 10 cc of sterile tomato extract The inix- 
tuie IS then steiilized m the Arnold sterilizer for ten minutes The 
medium thus prepaicd rarely pro\es to be contaminated 

Cooked Lwei — To 1,000 cc of 1 per cent dextrose broth is added 
1 pound (453 6 Gm ) of beef liver The mixture is boiled over an 
open flame for fifteen minutes The reaction is adjusted to pn 7 6 
The liver is cut into small cubes and placed in tall tubes used for the 
Smith-Noguchi medium and autocla\ed for twenty minutes at 15 pounds 
of picssure 

Rosenozv Calf-Biaui Mcdiiiiu — small piece of white marble is 
introduced into a tube, then a cube of rarv calf brain and 10 cc of plain 
bioth The />„ is adjusted to 7 4 The mixture is autoclaved for thirty 
minutes at fifteen pounds of piessure 

Cecil, Nichols and Stainsby’s Beef Heait Infusion Bioth This 

medium was caiefulh prepared and adjusted as described in the original 
woik The blood agar plates were made as follow^s eight cubic centi- 
meters of agar (1 5 per cent beef heart infusion) is melted and cooled 
to oO C To this arc added 0 5 cc of whole rabbit blood and 0 1 cc 
01 the onmnal broth culture, and the plate is pouied 
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BACTERIOLOGIC RESULTS OF BLOOD CULTURES 

k 

I Acute Rheumatic Fever with Polyaithutis — One hundred and 
eight3'^-eight cases are included in this group While cultures wei e taken 
in many cases in which salicylates were not administei ed, no especial 
control of this factor was made With a single exception, all the 
patients were febrile or had leukocytosis at the time the blood was 
examined 

Negative Results In this series, 168 cases proved sterile Of these 
cases, 13 were fatal Twenty-three cases of this negative group were 
cultured on two occasions, 4 on three occasions, 1 on five occasions, and 

I nine times One hundred and fifty-eight of these cases were studied 
with routine methods only In addition to the routine mediums, how- 
ever, 77 cases were studied by the special aerobic method, 10 by the 
Cecil and 65 with the aid of the anaerobic Smith-Noguchi, Rosenow, or 
cooked liver mediums 

Positive Results Positive bacteriologic findings were obtained in 
20 cases In 5 cases the cultures were repeated Gi am-positive cocci 
were obtained m 2 of the repeated cultures There was only 1 fatal 
case in this senes In 3 of 20 instances in which gram-positive cocci 
were obtained it was impossible to obtain growth on subculture Of the 
17 that grew on subculture, 1 was Streptococcus beta, 1 pneumococcus 
type II, 4 Streptococcus alpha and 11 Streptococcus gamma (8 per 
cent nonhemolytic streptococci) B cob was obtained in 1 of the cases 
in which the gram-positive organism did not grow on subculture 

In 10 of the positive cases, routine mediums only were employed 
In the other 10, special mediums weie used m addition Twelve cul- 
tures were made. In only 1 of the latter group did an organism appear 
(Streptococcus alpha) on the special mediums alone (special aerobic) 
On the other hand, wheieas organisms grew in 9 of these 12 cultures in 
the routine mediums, growth was obtained m only 4 in the special 
mediums 

Considering the group as a whole, of the 178 cases studied by the 
routine methods, positive results were obtained in 19 (11 pei cent) 
Of the 86 cases studied by the special aerobic method, 3 were positive 
(3 5 per cent) The organisms were all Streptococcus alpha Of the 

II cases studied by the Cecil method, none was positive The 67 anaer- 
obic cultures were all negative The question of the relative value of 
different mediums will be discussed later 

II Chioinc Rheumatic Cai diovalvulai Disease — This group com- 
prises 126 cases, in practically all of which there was fever or leukocyto- 
sis, or both 

Negative Results The blood cultures in 119 cases of the series 
yielded negative results Fifteen of the cases were fatal In 5 of the 
negative cases the blood was cultured twice, m 2, 3 tunes, and in 1, 
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4 times Thirty-six cases were studied by the special Mrobic technic 
None of these cases was studied by the Ceal method orty-six cases 
were studied anaerobically with the Smith-Noguclii. Rosenow and 
cooked liver mediums 

Positive Results Seven of the cases m this group yielded gram- 
positive COCCI on blood culture In a single case the organism failed to 
grow on subculture In addition to the unidentified coccus an unidenti- 
fied bacillus that failed to grow on subculture was obtained on anaerobic 
mediums Of the remaining 6 cases, 3 showed Streptococcus alpha and 
3 Streptococcus gamma (5 per cent nonhemolytic streptococci) Three 
of these cases were fatal Two of the 7 cases were studied by the special 
aerobic technic, none by the Cecil method and 4 by anaeiobic methods 

In the 5 cases in which routine as well as special mediums were 
used, 7 cultures were taken Organisms were obtained in the routine 
mediums in 5 cultures and m the special mediums in 3 In 1 of these, 
growth was obtained in the special aerobic flask onl}^ — not in the routine 


mediums 

Considering the group as a whole, of the 125 cases studied by the 
routine methods, positive lesults were obtained in 5 (4 per cent non- 
hemolytic streptococci) Of the 38 cases studied by the special aerobic 
method, 2 were positive, 1 yielded Streptococcus alpha and 1 strepto- 
coccus gamma (5 per cent nonhemolytic streptococci) The Cecil 
method was not used in this group The 50 anaerobic cultures were 
negative 


III Rheumatoid Ai tin itis — Foity-eight cases of acute, subacute and 
chronic infectious arthritis were studied There were no fatalities in 
this senes 

Negative Results In 44 cases the blood cultures were negative 
In 9 of these, the cultures were repeated Eighteen cases were studied 
by the special aerobic technic, in 1 case 3 times and m another twice 


In 5 cases the cultures were taken according to the Cecil procedure, 
and in 7 cases, anaei obically 

Positive Results Four cases yielded gram-positive cocci in the blood 
cultuies In 2 of these, the organism failed to grow on subculture 
On repetition in one of the cases, a hemolytic streptococcus and Staphy- 
lococcus albus were obtained In the remaining 2 cases, Streptococcus 
gamma grew (4 per cent nonhemolytic streptococci) 

In 4 positive cases, 8 cultures were taken In all of these, routine 
mediums were used In addition, special mediums were used in 6 of 
the cultures Organisms grew in the routine mediums m 3 cultures 
and in the special mediums m2 In a single case growth was obtained 
on the special mediums only (special aerobic and Rosenow’s) 

Considering the gioup as a whole, of the 44 cases studied by routine 
methods, positive lesults were obtained m 4 (9 pel cent) Two^of these 
showed nonhemolytic streptococci (4 5 per cent) Of the 21 cases 
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studied by the special aerobic method, 1 was positive and showed 
Streptococcus gamma (5 per cent) Five Cecil cultures were negative 
Ten cases studied with anaeiobic methods gave 2 positive results 1 
Streptococcus gamma (10 pei cent), and 1 an unidentified gram-positive 
coccus that failed to gi ow on subculture 

Of the 3,869 cases in which blood cultures were taken, 363 compiise 
the 3 groups just considered and 144 were cases of subacute bacterial 
endocarditis in which a streptococcemia is to be expected in a large 
proportion of cases If we eliminate the total of these 2, 3,362 cases aie 
left, in which nonhemolytic streptococci and U cocci were found in 51 
(15 per cent) and nonhemolytic streptococci in 43 (13 per cent) 

The accompanying table lists all cases in which nonhemolytic strep- 
tococci and U cocci were found m the blood of the control series, and 
also data on the mediums used, the temperature of the patient at the 
time the cultures were taken, the white blood cell count and the final 
diagnosis Whereas no indication is given in the table of the total 
number of cases making up the different diseases studied, it may be 
said at once that with the exception of the conditions listed as “control 
groups” the incidence of nonhemolytic streptococcemia in any given 
group was under 1 5 per cent Routine mediums were employed in 
all the positive cases In addition, in 17 cases the special aerobic method 
was added, m 2 cases, the Cecil method, and in 12 cases, anaerobic 
method 

IV Aplastic Anemia — There were 13 cases m this group, with 
2 positive results (15 5 per cent) , in 1, Streptococcus alpha, m the 
other. Streptococcus gamma (see table, cases 1 and 2) A single 
anaerobic culture was employed, with negative results The positive 
results were obtained on routine mediums Both cases terminated 
fatally 

V Pernicious Anemia — There were 11 cases in this gioup, with 
1 positive result (Streptococcus alpha), which was obtained in routine 
mediums (9 per cent) This case was fatal (see table, case 5) 

VI Leukemia — There were 29 cases m this group In 2, Stiepto- 
coccus gamma was obtained in the routine mediums (7 per cent) The 
cases were fatal (see table, cases 3 and 4) 

VII Colitis — There were 41 cases in this group, with 4 positive 
results (10 per cent) (see table, cases 7 to 10) Routine mediums 
only were used in the 5 cultures taken Streptococcus gamma (identified 
as Enterococcus by esculm fermentation test, etc ) was obtained in 
1 case, and m another Streptococcus alpha was obtained on solid 
mediums (5 per cent nonhemolytic streptococci) In 2 cases U cocci 
were found, and in 1, Staphylococcus albus The latter case was the 
only one in which the patient survived 

Cases of Noniheumatic-Rheiimatoid Disease with Nonhemolytic SUeptococci or 
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Bindings 

SG 2, tomato extract 
U 2, plain broth 

SA 2, tomato extract 
SG 3, plain bouillon 


SG 2, 5, dextrose and 
peptone flasks 

SA 2, dextrose and 
tomato extract 

U 3, fluid mediums 

SG 2 enterococcus m 
dextrose and pep 
tone flasks 

U 2, dextrose flask 

S 4, dextrose and 
tomato extract 
U 4, plain bouillon 

S4.-3, dextrose bouil 
Ion, and 1 colony on 
dextrose serum ngar 

SA 1 , all mediums, 
colonies too numer 
ous to count 

U 2, tomato extract 


SA 1 GO colonies per 
cubic centimeter 
of blood 
0 

SG 4, fluid mediums 


SG 1, 2 colonies per 
cubic centimeter 
of blood 

SA 2, all fluid mediums 
0 

SG 4, plain and dex- 
trose flasks not bile 
soluble, did not 
grow m mouse 

SA 4, plain and dex- 
trose flasks, not a 
pneumococcus 

SA 4, 2 colonies per 
cubic centimeter 
of blood on 1 
plate only 

SA 1 , tomato extract 
SA 2, tomato extract 
U 2 , dextrose and 
tomato extract 

SA 4, dextrose broth 
only 

SA 4, peptone flash 

SA 4, peptone and 
tomato extract 
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SA 2 plain broth 
flask 


Clinical Result 
and Diagnosis 

Died, aplastic anemia 

Died, aplastic anemia 

Died, acute myelo 
blastic leukemia 

Died, acute leukopenic 
myeloid leukemia 

Died, pernicious anemia 
bronchopneumonia 

Well, cervical adenitis 
(incision and drainage! 

Died, chronic ulcera- 
tive colitis 


Died chronic ulcerative 
colitis, tonsillitis 

Died, chrome ulcerative 
colitis 


Well, acute colitis com 
plicating prosta- 
tectomy 

Died, meningitis. 
Streptococcus viri- 
dans, necropsy 

Died, meningitis 
tuberculous ? 

Well meningococcus 
meningitis 


Well, meningococcus 
meningitis 

Died, lung neoplasm, 
hemothorax 


Well, lobar pneumonia 


Well, bronchopneu- 
monia 


Well, bronchopneu 
monm 


Well, lobar pneumonia 


Well, lobar pneumonia 
Well, pleuropneumonia 
Well, grip 

■^ell, pyehtis 


"Well, pyehtis 
Well, pyehtis 


Improved, pyelo 
nephritis 


Improved, glomerulo 
nephritis, benign 
hemorrhagica 






Cases of Noni heumatic-Rhetimatoid Disease with Nonhemolytic Sti cptococci or 
U Cocci in the Blood * — Continued 



Blood 


Temper- 

White 




Culture 

ature, 

Blood 

Bacteriologic 

Clinical Eesult 

Case 

No 

Mediums 

P 

Cells 

Pindings 

and Diagnosis 

28 

15022 

E 

992 


SG 2, plain broth 

Well, pyelonephritis 






only 

adenoma of prostate 
(prostatectomy) 

29 

14907 

E 

105 2 

12,000 

U 2 , 1 flasL 

Improved, erysipelas 







of face, pansinusitis 

30 

17553 

E 

105 0 

20,000 

SG 2, de'^trose fiasL 

Well, erysipelas. 







abscess of foot 

31 

18785 

E 

102 6 

21,250 

SG 1, all mediums 

Died, erysipelas of 






2 colonies per cubic 

biopsy wound 






centimeter 

lymphosarcoma 

32 

15068 

E 

103 4 

25,000 

SA 4, fluid medium 

Well, acute mastoiditis 

33 

14984 

E , Eos , 

101 4 

20,000 

SG-4, anaerobic 

Died, sinus thrombosis 



Liv 



medium only 

acute mastoiditis 


15006 

E , Eos , 



SG 3, tomato e'^tract 




lilV 



aerobic 


34 

14025 

E 

103 8 


SA 2, tomato extract 

Died, sinus thrombosis 






and dextrose serum 
medium, 2 colonies 
per cubic centimeter 
of blood 

acute mastoiditis 

35 

14905 

E 

102 0 

16,000 

U 4, tomato extract 

Improved abscess of 







thigh and penis 

36 

17856 

E 

103 8 


SA 1, dextrose flask 

Well, phlegmon of 







chest well, incision 
and drainage 

37 

13582 

E 

104 0 


SA 2, dextrose flask 

Well, abscess of thigh 

38 

18206 

E 

102 8 

4,800 

SA 2, tomato extract 

Died, parotid abscess 

39 

13635 

E 

99 0 


SA 2, flasks 

Died, parotid abscess 

40 

15245 

E , Eos , 

105 0 

9,000 

SA 4, aerobic 

Died, postpartum 



Nog 



SA2, aerobic and an 

sepsis 


15261 

E , Liv 

104 8 








aerobic fluid medium 



15265 

E , I/iv , 

105 5 

14,000 

SA 8 aerobic and an 




Eos 



aerobic fluid medium 


41 

13995 

E 

105 0 


SG 2, dextrose broth. 

Died, streptococcus 






no plates made 

sepsis 

42 

15027 

E 

104 0 

11,300 

SA 2, all mediums 

Died, streptococcus 






sepsis, peritonitis 

43 

17892 

E 

101 0 

8,600 

Several greenish colo 

Well, typhoid fever 


1 




nies on dextrose agar 
plates, failed to grow 
on transplant 


44 

13742 

E 

101 6 

10,600 

U 2 , flasks 

Well, periostitis 

45 

17126 

E , I/iv 

990 


SA4 anaerobic 

Improved, osteomye 






medium 

litis of clavicle and 
femur, incision 
and drainage 

46 

16053 

E 



SG 2, flasks only, in 

Improved, sacroiliac 






transplant growing on 
anaerobic plates 

arthritis 

47 

10722 

E , 1,1V , 

102 2 


SG 4, 1 

Died, carcinoma of 



Eos 




ascending colon 
fecal fistula 

48 

15122 

E , Nog 

104 0 


SA 2, dextrose and 

Died, stenosis of 






tomato extract 

common bile duct. 






flasks 

liver abscess 


15160 

E , Liv , 

103 8 

17,600 

SA 2, fluid aerobic 




Nog 



and anaerobic 
medium 


49 

17335 

E 

1018 


SA 4, dextrose flask 

Improved gonorrheal 
salpingitis, arthritis 
of right knee 





17390 

E , Ce 

101 0 


SA 3, all routine flasks 


50 

13877 

E 

99 6 


SG2 

Well, erythema 
multiforme 

51 

14837 

E , Eos , 



SA2, aerobic, dex 

Well right inguinal 

Liv , Nog 



trose flask 

hernia chronic appen 
dicitis hernioplasty 





LICHTMAN-GROSS— STREPTOCOCCI IN THE BLOOD 1091 

VIII Memiigococais Meningitis — ^There were 54 cases in this 
group, with 2 positive results (4 per cent) on routine mediums (see table, 
cases ' 13 and 14) In 1 case Streptococcus alpha was obtained 
(60 colonies per cubic centimeter) , in another case, Streptococcus 
gamma The patients in both cases recovered 

IX Pyelitis and Pyeloiiephi itis — There were 72 cases in this group, 
with 5 positive results (7 per cent), as shown in the table (cases 23, 24, 
25, 26 and 28) Routine mediums were employed in all cases Strepto- 
coccus alpha was obtained 4 times , Streptococcus gamma, once All of 
the patients recovered In 1 case the urine was not cultured In 1 case 
the culture of the urine was negative , in 3 cases, it contained B coli 

COMMENT 

Before proceeding with the comment, one must bear clearly in mind 
the fact that to all intents and purposes there exist 2 types of strepto- 
coccemia One is associated with a massive blood invasion such, for 
example, as occurs in subacute bacterial endocarditis In these cases 
numerous colonies are found in solid as well as in fluid mediums On 
the other hand, in the individual diseases forming the 9 groups referred 
to, the streptococcemia is minimal and irregular Very often repeated 
cultures fail to confirm the finding of organisms, and when they do 
grow they appear on solid mediums with extreme rarity Libman 
has called attention to this fact, and he has shown that this is a means 
of differentiating for practical purposes between the positive cultures 
obtained in cases of subacute bacterial endocarditis and those obtained in 
cases of rheumatic fever For the sake of discussion, then, we may say 
that the 9 diseases considered in this article are associated with a 
"transitory bacteremia” or a "transitory streptococcemia ” 

In an attempt to arrive at the possible significance of these "transi- 
toiy streptococcemias,” especially those found in our control cases, 
seveial important points must be considered These may be stated in 
the foim of the following questions 

1 Are our control groups adequate^ 

2 Do these bacterial invasions occur shortly before death , i e , are they agonal ? 

3 Was the patient’s illness caused by the streptococcus recovered from the 

blood stream? 

4 Were our methods of blood culture adequate? 

5 What IS the relative value of the culture methods used? 

In Older to answer the first question, it is advisable to compare our 
control gioup with the diseases making up the rheumatic-rheumatoid 
group The group of 188 cases of acute rheumatic fever with poly- 
arthntis had an 8 per cent incidence of nonhemolytic streptococcemia 
(4 cases Streptococcus alpha, 11 cases Streptococcus gamma), the 
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group of 126 cases of chronic rheumatic cardio^ alvular disease had a 

5 per cent incidence of nonhemolytic streptococcemia (3 cases Strepto- 
coccus alpha, 3 cases Streptococcus gamma), and the group of 48 cases 
of rheumatoid arthritis had a 4 per cent incidence of nonhemol}tic 
streptococcemia (Streptococcus gamma) Taken together, these selected 
groups form a total of 363 cases with an incidence in nonhemol 3 d:ic 
streptococcemia of 6 -}- per cent 

Compared to this our control groups are, on the whole, smaller 
(obviously due to the fact that these diseases were not especially studied 
for bacteremia), yet taken together the)'^ number 220 cases, in 8 of which 
Sti eptococcus alpha was recovered from the blood and in 6, Strepto- 
coccus gamma (the U cocci are not considered) This totals 14 cases 
with an incidence of nonhemolytic streptococcemia of 6 -j- per cent, 
which IS the figure obtained for the rheumatic-rheumatoid group 
Furthermore, with the exception of a single small group (aplastic 
anemia), the individual control gioups show an incidence of non- 
hemolytic streptococcemia that runs fairly consistently around the 

6 per cent mark Since we are not interested in the individual control 
groups for the diseases per se, and, furthermore, since there are no 
very wide differences between them in the incidence of nonhemolytic 
sti eptococcemia, it seems to us to be permissible to add them together 
for control purposes We therefore feel that our collective control 
material of 220 cases is adequate 

The mortality rates in the control groups (100, 100, 100, 100, 0 and 
0 per cent, respectively) by their very nature must necessarily be high 
This, howe^er, by no means invalidates the findings, because in no 
instance was the blood cultuie taken less than ten days before death 
Usually it was taken several weeks before death Obviously, therefore, 
the patients were not moribund at the time Then, too, more than half 
of the total control material (groups VIII and IX) was associated with 
no fatality, yet the incidence of nonhemolytic streptococcemia is about 
the same as in the rest of the groups 

In considering the possible relationship between the organisms found 
on blood culture and the diseases constituting the control groups, it is 
obvious that aplastic anemia, pernicious anemia, leukemia and meningo- 
coccus meningitis may be immediately dismissed from consideration on 
this account Cultures of the urine in the cases of pyelitis and pyelo- 
nephritis did not implicate the nonhemol}4ic streptococci as responsible 
for the disease There remains the colitis group, which must be con- 
sidered mainly because of Bargen’s claims that a streptococcus is the 
etiologic agent in this disease HoAvever, as will be noted, in the 2 posi- 

25 Bargen, J A Chronic Ulcerative Colitis, Arch Int Med 45 559 (April) 
1930 
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tuQ cases difteient organisms weie obtained by us (Stieptococcus alpha 
and Streptococcus gamma) Furthermoie, Crohn and Shwaitzman 
reported on the same cases, and, while not denying the possibility that 
these organisms may play an etiologic role in the disease itself, gave 
ample reasons for believing that they are probably secondaiy invaders 

The adequacy of our methods was shown in several ways First, 
positive cultures weie obtained in a high percentage by our methods fiom 
cases obviously associated with stieptococcemia Thus, duiing the 
entile peiiod of five years covered by this study, 23 cases of subacute 
streptococcus endocarditis in the active stages (i e, bacteiia in the 
vegetation crushings) came to autopsy, and in 21 of these (95 5 per 
cent) the organisms were easily cultivated from the blood Fuither- 
more, the average percentage of positive cultures in the cases m the 
hospital on the whole presents a lemarkable constancy yeai m and out, 
showing that there is no appieciable variation in the sensitiveness of 
the mediums or any peaks of unusually high incidence m positive 
cultures 

Apart fiom this — and this brings us to the fifth question — our 
routine mediums acquitted themselves better than the special mediums 
employed Thus, taking all "^the cases comprising the rheumatic- 
rheumatoid gioup, nonhemolytic streptococci grew 27 times m 347 cul- 
tures when loutine mediums were employed (8 per cent), 6 times in 
145 cultuies by the special aerobic method (4 per cent), once in 
127 cultures by anaerobic methods ( — 1 per cent) and not at all m the 
16 Cecil cultures As was pointed out, on a few occasions streptococci 
grew by the special aerobic method alone For this reason, this method 
may be considered a useful addition to blood culture technic In a very 
limited expel lence, the Cecil methods proved inferior to the loutine 
method in our hands 

It IS held by many that rheumatic fever and iheumatoid arthritis 
are associated with a consistent stieptococcemia, that with special meth- 
ods the incidence of positive blood cultures is quite high, and that 
while streptococci may occur as transient invaders in other diseases, 
such an occurrence is quite rare The facts presented m the article, 
however, are at variance with these views 

SUMMARY 

In summarizing the facts presented, we may say that of 5,233 
consecutive blood cultures taken during five consecutive years under 
piactically the same conditions, positive bacteriologic findings were 
obtained in 762 subjects On analyzing chiefly the incidence of strepto- 
coccemia of the alpha and gamma types m 9 diseases other than those 
associated w ith a massue streptococcemia (e g, subacute bacterial 

26 Crohn, B B , and Shvartzman, G J Lab & Chn Med U 722, 1929 
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endocarditis), it is found that acute rheumatic fever with polyarthritis 
forms a group of 188 cases with a nonhemolytic streptococcemia of 
8 per cent, chronic rheumatic cardiovalvular disease forms a group 
of 126 cases with a nonhemolytic streptococcemia of 5 per cent, 
rheumatoid arthritis forms a group of 48 cases with a nonhemol}i:ic 
streptococcemia of 4 per cent, aplastic anemia forms a group of 13 cases 
with a nonhemolytic streptococcemia of 15 5 per cent, pernicious anemia 
forms a group of 11 cases with a nonhemolytic streptococcemia of 
5 per cent, meningococcus meningitis forms a group of 54 cases with 
a nonhemolytic streptococcemia of 4 per cent, and pyelitis and pyelo- 
nephritis form a group of 72 cases with a nonhemolytic streptococcemia 
of 7 per cent 

The first 3 diseases mentioned (the rheumatic-i heumatoid group) 
form a group of 363 cases, with an incidence of nonhemolytic strepto- 
coccemia of 6 -f- per cent The last 6 diseases mentioned (control) 
form a group of 220 cases, with an incidence of nonhemolytic strepto- 
coccemia of 6 per cent 

These studies also show that the bacterial invasions are not agonal, 
and that they are not the primary cause of the diseases comprising the 
control group Furthermore, it is to be noted that the methods employed 
were adequate, and that, in our hands, our loutine methods were at least 
as sensitive as the special aerobic, Smith-Noguchi, Rosenow and Cecil 
methods Our experience with the last named method, however, is 
limited 

CONCLUSIONS 

Study of 5,233 consecutive blood cultures in a general hospital shows 
that with adequately sensitive methods an incidence of nonhemolytic 
streptococcemia (alpha and gamma types) between 4 and 15 5 per cent 
with an average of 6 -[- per cent occurs in at least 9 diseases, i e , acute 
rheumatic fever with polyarthritis, chronic rheumatic cardiovalvular dis- 
ease, rheumatoid arthritis, aplastic anemia, pernicious anemia, leukemia, 
colitis, meningococcus meningitis and pyelitis and pyelonephritis On 
the basis of the incidence of the “transient” streptococcemia alone, 
these oiganisms cannot justifiably be considered as the causative agents 
of these diseases 
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Pediatric Education Report of the Subcommittee on Medical Education 
White House Conference on Child Health and Protection Borden S Veeder, 
Chairman Section on Medical Service Committee on Medical Care for 
Children Paper Pp 109 New York Century Company, 1931 


“All our knowledge of the preservation of the health of the child, the prevention 
of disease, and the care of the sick or abnormal child comes directly from the 
medical sciences In organized health work which has so largely occupied the time 
of the White House Conference on Child Health and Protection we are apt to 
forget that the vast majority of American children today are dependent on the 
interest and care of a private physician for their physical well-being and health, 
and not upon an organization ” 

Y^ith these ideas in view, the subcommittee on medical education undertook a 
study of medical education so far as it related to the teaching of pediatrics in the 
medical schools, and to pediatric practice as current m the medical profession today 
The committee sent questionnaires to pediatricians, physicians especially interested 
in pediatrics and general practitioners There were 3,569 questionnaires sent, and 
2,374, or 67 per cent, replies were received 

Of those practicing pediatrics wholly or mainly, 44 per cent felt that their course 
pertaining to the normal child and his health was mediocre or unsatisfactory in 
view of their present experience “Further, the number who regarded the course 
as very satisfactory increases steadily the more recent the graduate” “Lack of 
clinical experience” is the most commonly mentioned deficiency “Neglect of 
consideration of the normal child” is second, and “too little time given to pediatrics” 
IS third 

More than two thirds of the men in general practice for ten or fifteen years 
feel that their course in pediatrics was satisfactory Instruction as a whole in 
“contagious diseases” seems to have been most satisfactory, and that in “preventive 
measures” and “new-born” comes second The most unsatisfactory course appears 
to have been that in “minor ailments” 

Medical schools show the greatest variations m the size of the student body 
and faculty, yet all cover the same work in the same time There is the greatest 
difference m arrangement of curnculums and methods of presentation It was 
found that 35 per cent of the medical schools studied had insufficient hours to teach 
pediatrics properly, this deduction being made from the amount of time most 
schools find it necessary or desirable to assign to the subject Only half of them 
use the well-baby clinic as a teaching facility Over half of the schools reporting 
on their teaching on the newly born give less than ten hours’ instruction In 
quite a large number of the schools the facilities for bed-side teaching of com- 
municable diseases in childhood are quite inadequate As a whole, most of the 
medical schools today have adequate teaching facilities in the form of available 
hospital beds for the pediatric department, but in a few schools the teaching 
facilities are obviously inadequate 


Postgraduate work is being given by two methods (1) intensive courses of 
review given in hospitals and medical centers during certain periods of the year , 
(2) extension courses given by visiting instructors in communities Of physicians 
listed as specialists, 67 per cent had taken postgraduate instruction Interest in 
postgraduate work was not confined to certain localities, but was well distributed 
over the country The indication w^as that if proper courses were offered there 
woiUd be no lack of physicians who would take advantage of them 

iiie conclusions that the subcommittee reached were 1 Pediatrics should be 

ns a of ohnical medicine and should be organized 

as an independent department of medical schools 2 Adequate teaching staff 
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hospital and clinical facilities and laboratories should be provided 3 Special 
stress should be laid on the teaching of growth and development of normal children 
of all ages, individual and social preventive medicine, diseases of childhood and 
nutrition 4 The minimum time devoted to pediatrics by the undergraduate 
student should be two hundred hours, with possible additional electives 5 Correct 
pediatric pedagogy should be studied and intensive review and extension courses 
provided for postgraduate stud}-- 

The reading of the details of the report will be a great benefit to any one 
interested m the progress of pediatrics 

Imhotep to Harvey Backgrounds of Medical History By C N B Camac 
With a foreword by Henry Fairfield Osborn Price, $3 75 Pp 324 New 
York Paul B Hoeber, Inc , 1931 

Camac, in this book (Imhotep representing early Egypt, about 3000 B C , 
and Harvey representing the seventeenth century), has presented a general survey 
of medical history covering a period of, roughly, four thousand, five hundred 
jears The rise of medical science is shown in relation to learning m general, 
other sciences and philosophy One might say that intellectual development 
(used m the broad sense) throughout this time is the fabric of the book, while 
medicine appears as the most conspicuous thread This thread sometimes becomes 
so thin as almost to disappear, but when this occurs the fabric itself appears 
defective and all learning is at low ebb The most conspicuous flaw is, of course 
the Middle Ages 

The construction of the book deserves comment The author devotes a chapter 
(sometimes two) to each broad division in the history of science, e g , pre-Greek 
science, Greek and Roman medicine, the Middle Ages — a period of the retrogres- 
sion of science, the pre-Renaissance, the Renaissance and the seventeenth century 
In addition, where it seemed necessary in order to effect a more thorough under- 
standing, the author has inserted chapters dealing exclusively with the environment 
m which the scientist worked There is also a chapter entitled “Schools of 
Thought in Medicine,” and one containing historic records and quotations from 
various sources — some referring specifically to medicine, others not He con- 
cludes the book with a bibliography of some length One wishes that he might 
also have included an index At the beginning of the chapters dealing with 
certain periods is a page or two containing information about those years in 
tabulated form For example, in the chapter on Greek and Roman medicine 
the author includes in the summary pages a list of the pursuits of that time, the 
elements on which medical practices were based, the important records and the 
names and dates of the important writers and teachers This device aided in 
unifying the period and helped to keep it clearly m mind It was fitting to have 
the forward written by so fine a student of “origins” as Henry Fairfield Osborn 

The purpose of the book, as the author states at the outset, is to furnish a 
“background” of medical history, “he has drawn the picture m large strokes, 
leaving to the reader the filling in of detail which can be obtained from biographies 
and specialized works ” The author goes far toward aiding the reader to fill in 
the details by his many references to representative and standard works He 
hopes that by noting the reception accorded to the discoveries of the past, we may 
learn how to accept the achievements of our own time and avoid “disputes and 
dissensions, which discredit science” The environment m which the scientist 
labored throughout this long time is graphically depicted, so that one appreciates 
what was accomplished and understands why more could not have taken place 

This book should prove valuable and interesting to the medical profession 
(1) to those especially interested m science who “may find here lessons applicable 
to our own times ,” (2) to those engaged m teaching who will find descriptions of 
teaching institutions and methods , (3) to those who have a natural love of history 
and are desirous of learning all they can about the evolution of their profession, 
(4) to those who desire a handbook of medical history for reference to general 
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problems The lajman who has acquired an interest in medicine wiW find the 
book to his liking, as it is written in a manner that he can understand In general, 

It IS an excellent introduction to larger and more comprehensive books devoted to 

the history of medicine . j ^ 

The book is written in a clear, interesting manner which is neither too detailea 
nor too abstract The value of any such work lies in the author’s ability to 
discriminate between the significant and the unimportant matters The a^lthor 
of this book showed evidence of sound judgment in this respect Furthermore, his 
study of various aspects of the periods he touches, say, the political, the religious 
and the cultural, has enabled him to draw a more complete and unified picture 
than he could otherwise have done 

Nucleic Acids By P A Levene, The Rockefeller Institute for Medical 
Research, and Lawrence W Bass, Assistant Director of Research, The 
Borden Company American Chemical Society Monograph Series, no 56 
Cloth Price, §4 50 Pp 337 New York The Chemical Catalog Company 
Inc, 1931 

The subject matter in this monograph is presented in an entertaining, systematic 
and accurate style and from the historical point of view, because as the authors 
state in their preface, the progress in our knowledge on nucleic acids is largely 
through “paths of error and controversy” and “it would be an injustice to many 
if the monograph contained only the views that seem correct today” All the 
essential details on the chemistry of carbohydrates, imidazole, pyrimidine bases, 
purine bases and so on through the more complex units to the true nucleic acids 
are taken up in a uniformly systematic manner Each chapter is devoted first 
to the organic chemistry of the group or individuals of the group, then follow 
the methods of preparation, specific properties, methods of separation and analytic 
and synthetic methods The work of the master mind and hands is obvious 
throughout the monograph The structural formulas are presented in a clear 
manner with Roman numerals for the text references Naturally, the subject 
matter is brought up to very recent times, so that the new work on desoxynbosides, 
methylthiopentosides and the more complex polynucleotides is included The , 
authors appear to have some doubt as to the certainty of the separation of a 
5-methylcytosine from tubercuhnic acid The physicochemical studies by Ham- 
marsten and others on the polynucleotides are presented clearly The book closes 
with a chapter on nucleases Extensive author and subject indexes are included 


Der Mineralbestand des Korpers By Wolfgang Heubner, Professor in 
Heidelberg Paper Price, 8 80 marks Pp 94, Berlin Julius Springer, 1931 

This monograph was written in response to many requests for reprints of a 
similar compilation written by the author as part of a larger work some years 
ago Resumes of this type have a definite value in spite of the unreliability of 
manj of the values found in our periodicals These are often unreliable because 
the methods are frequently at fault and also because considerable work is done by 
those who are not competent to make accurate analyses of this type The author 
appears to realize these difficulties, although he does not seem to have attempted 
to select data with this criticism in mind No attempt is made to discuss mineral 
metabolism, but only to present data on the amounts and state of various anions 
and cations in body fluids, cells and tissues A brief discussion on the excess 
base values is included Calcium and phosphorus naturally are discussed in con- 
siderable detail from the normal and pathologic point of view Rarer inorganic 
constituents, such as fluorine, bromine, iodine, silicon, copper, manganese, aluminum 
and arsenic, are also taken up, especially m connection with their distribution in 
tissues The author inclines to the view that most of these rarer constituents 
probably do not have a definite function in the living system, but that they occur 
there largely tlmough accidental absorption from foods The teeth, bones, muscle, 
heart, brain and skin are treated fairlj'' completelv 
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Neue Wege der Blutdruckmessung Funfte Abhandlungen uber Blutdruck 
und Puls in den grossen Artenen des Menschen By Heinrich von 
Recklinghausen Price, 12 marks Pp 289, with 82 illustrations Berlin 
Julius Springer, 1931 

Ostensibly written as an introduction to the use of the “grypotonograph,” an 
apparatus for the oscillographic registration of blood pressure and pulse waves, 
this book turns out to be a thoroughgoing analysis of the theoretical concepts 
underlying the measurement of blood pressure, the comparison between direct and 
indirect methods, the “staircase curve” (pulse tracings obtained during inflation 
of the manometer cuff from levels below the diastolic to levels above the systolic 
arterial pressure) and many other interesting problems Great emphasis is laid 
on the overpressure produced in the artery above the cuff as the result of artificial 
obstruction to the pulse wave in the compressed portion of the artery The form 
of the individual pulse waves in the graphic record is made use of in determining 
S 3 'Stohc and diastolic pressures Comparative data obtained through various 
methods of blood pressure estimation are critically discussed in the light of the 
physiology and pathology of the vascular system Sources of error inherent m 
the recording apparatus itse'f are considered from a physical and a mathematical 
standpoint Experts will probably not accept some parts of the general theory 
presented by the author, but serious consideration must be given to evidence sub- 
mitted by one who has done fundamental research on blood pressure for more 
than a quarter of a century This is not a book for the casual reader, though it 
IS written clearly 

Varicose Veins With Special Reference to the Injection Treatment 
By H 0 McPheeters, M D , FACS Third edition Cloth Price, $4 
Pp 285, with 62 illustrations Philadelphia F A Davis Company, 1931 

The third edition of this monograph has been thoroughly revised and brought 
up to date by suitable additions Most of the faulty references have been corrected 
although there are still a few misspelled names from the foreign literature A 
new chapter has been added on the causes of failure m the injection treatment 
for varicose veins, containing a critical review of the published recurrences The 
author does not condemn high saphenous ligation as strongly as m his previous 
writings, but still prefers injections into the pioximal end of the saphenous trunk 
As in previous editions, a whole chapter is devoted to prove the reverse flow 
of blood in varicose veins 

111 the differential diagnostic table on vascular diseases, the data on arterio- 
venous aneurysms must be challenged The figures on the oxygen content of 
venous blood are erroneous The efficiency of drugs expressed in percentages 
seems somewhat artificial and arbitrary 

New refinements are added in the chapter on technic On the whole, the 
present technic of the author seems unnecessarily complicated Often heroic 
quantities of solution are introduced with as many as sixteen injections m one 
sitting Such treatment can hardly be called a simple and painless procedure 

The printing and illustrations are excellent To all who are interested in this 
field this challenging and stimulating contribution is strongly recommended 

Food Allergy Its Manifestations, Diagnosis and Treatment, with a 
General Discussion of Bronchial Asthma By Albert H Rowe, M S , 
M D , Lecturer in Medicine in the University of California Medical School, 
San Francisco Cloth Price, §5 Pp 442 Philadelphia Lea & Febiger, 
1931 

The author of this book has limited his discussion to the manifestations of 
allergy due to foods and has brought together and summarized the view's of most 
of those who have written on the subject The extensive bibliography is divided 
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,'nto two parts, the first being the references related to food allerg}, and the 
second being special references on other phases of allerg}^ u r 

In his voluble enthusiasm on the subject the author explains, on the basis of 
allergy many of the common constitutional disorders seen by internists, and he 
recommends his so-called “elimination diets” in their diagnosis and treatment 
The chapter on “elimination diets” includes many helpful recipes and sugges- 
tions Careful and complete preliminary studies and later repeated observations 
of the patient are properly emphasized Too frequent repetition of subject matter, 
too many case reports and the monotonous use of the expressions in my experi- 
ence,” “in my opinion” and “my elimination diets” make it difficult to hold the 
reader’s interest Elimination of these faults would add to the enjoyment of the 
book This book should be in the library of all students who are interested in 
dietary problems or who wish to obtain references to this type of literature 


Der Wasserversuch als Nierenfunktionsprufung Erne Zusammenfassung 
fur den Klmiker und praktischen Arzt By Dr Med Ferdinand Leber- 
mann, Facharzt fur innere Krankheiten in Wurzburg Price, 9 50 marks 
Pp 148, with 20 illustrations Dresden Theodore Steinkopff, 1932 

The author begins with a condensed but fairly complete review of the factors 
and problems underlying water balance He then discusses the technic of the 
dilution and concentration test, the results m normal persons and in patients with 
the various forms of renal disease and the effects of using diuretics or pituitary 
extract during the test There is adequate consideration of extrarenal factors 
and dilution of the blood as influencing the response to water given by mouth 
One gets the impression that the interpretation of a diminished or a delayed 
excretion of water during the dilution test is so complicated in many instances 
as to render the procedure valueless The simplicity of the method is evidently 
no guarantee for the reliability of the results Perhaps the most valuable feature 
of the “Wasserversuch” is its ability to demonstrate latent cardiac edema After 
reading through this monograph, one wonders at the remarkable European 
popularity of the dilution test for renal function The bibliography will be useful 
to those who are specially interested 


Approved Laboratory Technic By J A Kolmer and F Boerner Price, §7 50 
Pp 663, with 11 colored plates and 300 illustrations New York D Appleton 
& Company, 1931 

This volume was prepared by the authors for the American Society of Clinical 
Pathologists It includes instructions for the examinations of the blood, urine, 
gastric secretions, exudates and tissue fluids, helpful suggestions for the care and 
housing of the usual laboratory animals, recipes for mediums, stains and reagent 
solutions , procedures for bacteriologic technic and the identification of the common 
pathogenic bacteria and molds , methods for milk and water analyses , technic for 
the complement fixation and precipitation tests for syphilis , directions for quantita- 
tive analyses of the blood and urine, information needed in determining basal 
metabolism , instructions for preparing sections of tissues , and outlines for certain 
toxicologic examinations and tests for pregnancy These directions are adequate 
and the tests described include those generally demanded of a large hospital or 
commercial clinical laboratory There are no instructions for postmortem technic 
and other procedures in the morgue This is anomalous, since clinical pathologists 
are primarily pathologists in the original sense of the term 


A Diabetic’s Own Cook Book By Stella H Lyons Price, S2 Pp 94 New 
Tork Alfred A Knopf, 1932 


The foreword of this book 
his apprecation of the author 


IS written by Logan Clendening, M D He expresses 
as a cook and explains that the little book is in no 
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sense intended to supplant the physician’s instructions to the patient The 
diabetic patient will do well to bear this in mind as he reads, for the author says 
that her real mission is to remove food scales from the layman Such teaching 
may be safe for the patient with mild diabetes “on the shady side of forty,” as 
Dr Clendenmg \\ rites, but it may also be disastrous to the patient with severe 
diabetes, be he young or old 

Seventy of the ninety-four pages are filled with recipes and directions for 
the preparation of food Ingredients for recipes are measured, but m the end the 
author ventures to give the food value of single portions of some recipes in 
fractions of grams of carbohydrate, protein and fat Patients trained in food 
values and diet calculation will question the possibility of using “rye bread crumbs 
or washed bran” without considering the difference in carbohydrate content 

The suggestions offered for the preparation of food are extremely helpful to 
the patient who lacks imagination, but much of the teaching m unsound 

Manual for the Jewish Diabetic By William S Collens, BS, MD, Price 
$2 Pp 138 New York Bloch Publishing Company, 1931 

This IS another little book on diabetes It has as a special appeal a list of 
diets particularly designed for Jewish diabetic patients Since the Jews seem to 
form an undue percentage of the diabetic patients of America, such a book should 
have a field of usefulness 

We are not convinced that “modern management, simple, easily executed, and 
rational, brings the diabetic condition rapidly under complete control and restores 
the person with diabetes to a state of good health ” Certainly the text of this 
book IS not as simple to understand as the author seems to consider the disease 
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